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Summary 
To change the trend of modern citizens living a less healthy lifestyle than 
previous generations, more healthcare prevention is needed. mHealth technology 
might be of support. Healthcare prevention in the context of this research project 
is focussing on increasing physical activity of persons with a sedentary lifestyle, 
hence decreasing the risk of sedentary lifestyle related diseases. 
This research project aims to clarify what functional requirements/features need 
to be met on mHealth technology in order to allow these devices and apps to 
contribute to an effective primary prevention processes. The specific prevention 
process used is a behaviour change process guiding a person from pre-intention 
to intention and from intention to action, including a coping plan. 
The Delphi method is used to question a panel of multidisciplinary experts for the 
requirements in first Delphi round. In the second Delphi round these 
requirements are ranked using the MoSCoW method. The Delphi experts do 
have profiles like Medical professional, personal trainer, Epidemiologist, technical 
trainer from a Rugby team.  
The result is a list of 46 ranked mHealth technology requirements. 
The conclusion is that the following top 10 functional requirements/features need 
to be met on mHealth technology (summarized) in order to allow these devices 
and apps to contribute to an effective primary prevention processes: 
1. Provide context of measured values 
2. Set targets including using recent photos (the ones which most 
participants like to get rid of as quickly as possible) 
3. Use social validation with social media 
4. Create awareness of expected outcomes 
5. Confirm that the participant has the ability to maintain an active lifestyle 
6. Support with the coping plan (what would you do at difficult moments) 
7. Use Gamification 
8. Ensure data quality 
9. Use the option for a simple start 
10. Ensure easiness to wear, ideally in ordinary training materials or devices  
These requirements are compared to currently available mHealth technology like 
Fitbit, Jawbone and Strava. 
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 Introduction 1.
 Challenges in healthcare 1.1
Most countries and regions in Europe are facing the challenge of an aging 
population over the coming years. This is because the "baby-boomers" born 
during and after World War II are reaching an age where they will be in greater 
need of care. At the same time fertility rates are decreasing and the average life 
expectancy is increasing. Eurostat predicts that in 2030 nearly 25% of the 
inhabitants in all the EU member states will be over 65 years old. This is a 
significant increase from the 2008 level of 17.1% (Eurostat, 2009). This means 
that there will be fewer hands in the workforce to fund and deliver health care to 
an increasing volume of elderly and chronically ill patients. In addition to the 
aging population, a trend towards modern citizens living a less healthy lifestyle 
than previous generations has resulted in increasing volumes of lifestyle 
diseases (CBS, 2012).  
 Health Information Technology 1.2
Health Information Technology (HIT) in general has the potential to improve the 
health for individuals and the performance of health care providers with improved 
quality, cost savings, and greater engagements by patients in their own 
healthcare (Buntin, Burke, Hoaglin, & Blumenthal, 2011). A subset of HIT is 
Mobile Health Information Technology or mHealth. The first occurrence of the 
terminology in the literature was in 2000 the  ‘Unwired e-med’ special issue on 
wireless telemedicine systems (Laxminarayan & Istepanian, 2000).  
The definition of mHealth changed overtime and is ambiguous. For example one 
author characterized mHealth as ‘mobile computing, medical sensor, and 
communication technologies for health-care’ (Istepanian, Jovanov, & Zhang, 
2004) to ‘a new paradigm for healthcare’. A different author defined mHealth as 
‘any technology - software or hardware - that enables providers, funders, and 
patients to provide and receive medical treatment and information, as well as 
monitor their own health, regardless of place or time’ (Gordon, Colin Konschak, 
Levin, & Morris, 2013).  
There is wider availability and increasing use of mHealth tools covering health 
applications, smartphone plug-ins and add-on devices that enable point-of-care 
testing and gadgets such as wearable cameras (Carrera & Dalton, 2014). The 
rapid availability of mobile technology like smartphones and tablets is seen as 
one of the drivers for mHealth. The smart mobile technology has revolutionized 
personal communication, how to share and how to consume contents, creating 
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impact in many different sectors including healthcare. Mobile communication has 
therefore become an increasingly essential tool, for example for health care 
professionals. Mobile communication  facilitates the interactions between health 
professionals and patients (Bert, Giacometti, Gualano, & Siliquini, 2014). Mobile 
technologies with their advanced computing and communication capabilities can 
promote efforts for lifestyle changes to prevent healthy persons getting ill 
(Boulos, Wheeler, Tavares, & Jones, 2011).  
In June 2014, the Minister of Health, Welfare and Sport issued a letter to the 
House of Representatives of the Netherlands about the use of mHealth in the 
Dutch healthcare system. The Minister describes the) advantages mHealth can 
have for the healthcare sector and patients. On the other hand, she also 
expressed some concerns. Firstly, these concerns are raised regarding data 
privacy. It is still unclear how the privacy of mHealth users is guaranteed and who 
will be responsible for this matter. Secondly the need arises for some sort of 
quality assurance (Schippers, 2014). A part of mHealth initiatives are developed 
by commercial manufacturers (e.g. a Health related app designed for supporting 
a patient with medication adherence). 
More than 2 billion smartphones and tablets were in use globally in 2013, with a 
forecast of 4,3 billion smartphones and tablets in use globally by 2017. Based on 
a global population of 7 billion, this is a penetration rate of more than 60%. The 
traditional feature phone is the predecessor of the internet-enabled, app-platform 
smartphone. Early 2013, the tipping point was reached that more smartphones 
were sold than feature phones (IDC, 2014). These smartphones and tablets are 
the gateway to the internet for mobile biosensors (often referred to as wearables) 
as part of a Body Area Network (BAN). These wearables can monitor (vital) body 
functions, such as heart rate, skin temperature, oxygen levels in blood (Broens, 
Van Halteren, Van Sinderen, & Wac, 2007).  
 Problem definition 1.3
National governments and healthcare providers are facing an increasing demand 
and continuous cost pressure. Prevention is one of the solutions considered. 
Healthcare prevention literature shows that physical inactivity increases the risk 
of many health conditions. This includes major diseases such as coronary heart 
disease, type 2 diabetes, and breast and colon cancers. Because much of the 
world's population is inactive, decrease in or removal of this unhealthy behaviour 
could improve health substantially (Lee, Shiroma, & Lobelo, 2012). Prevention in 
the context of this research project is focussing on increasing physical activity of 
persons with a sedentary lifestyle, hence decreasing the risk of sedentary 
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lifestyle related diseases. To change the trend of modern citizens living a less 
healthy lifestyle than previous generations, more healthcare prevention is 
needed. mHealth technology might be of support. 
The production and development of mobile health monitoring apps and devices is 
a fast growing industry, e.g. Fitbit One, Apple Watch, Vital Connect Health Patch 
(see Figure 1). Their effectiveness is unclear. According to the International Data 
Corporation (IDC) Worldwide Quarterly Wearable Device Tracker, the worldwide 
wearable device market will reach a total of 111.1 million units shipped in 2016, 
up a strong 44.4% from the 80 million units expected to ship shipped in 2015. By 
2019, the final year of the forecast, total shipments will reach 214.6 million units, 
resulting in a five-year compound annual growth rate of 28% (IDC, 2015). 
 
 
Figure 1. Left to Right: Fitbit, Apple Watch, Vital Connect Health Patch 
Also the usage of health and fitness apps for the major platforms like Apple iOS 
and Google Android is rising (Khalaf, 2014). 
 
 
Figure 2. Average daily app usage between December 2013 and June 2014 (Khalaf, 2014) 
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This might be seen as a technology push based on what is from technology 
point-of-view possible and marketable. 
 Research goal 1.4
The assumption is made that improving public health by increasing physical 
activity will create a less demand for healthcare providers, hence lowering the 
cost of healthcare.  
The research goal is to identify if mHealth related technology could provide a 
contribution in the behaviour change process of increasing physical activity of 
persons with a sedentary lifestyle, hence increasing public health, hence lowering 
the cost of healthcare. 
 Research scope 1.5
The scope of this research project is focussed on three research domains:  
A. mHealth Technology 
B. Behaviour Change Process 
C. Healthcare Prevention 
Specifically the intersection of these three domains A, B and C. See the Venn 
diagram in Figure 3. 
Behaviour change in the context of the research project is the sustainable 
change for a person from a sedentary inactive lifestyle to an activity lifestyle. This 
research project does not have the intention to be a behaviour change study on 
human participants. In addition, this research project is not performed in a clinical 
setting and does not have medical objectives. No medical opinion will be 
provided under any circumstances. 
 
Figure 3. Venn diagram, the intersection of three disciplinary research domains 
Scope of this research is the 
intersection of mHealth 
Technology, Behaviour Change 
Process and Healthcare Prevention 
A. mHealth 
Technology 
B. Behaviour 
Change 
Process 
 
 
 
C. Healthcare 
Prevention 
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Although mHealth Technology is specifically mentioned, the focus of this 
research project is on the functional usage by end users of mHealth Technology 
and less on the technical non-functional aspects of mHealth Technology (e.g. 
technical communication protocols between wearables, screen resolutions, 
technical performance). In the context of the literature study, healthcare in 
developing countries is set out of scope. 
Definition of a functional requirement/feature in the context of this research 
project is: A functional requirement/feature is a description of what a system 
(mHealth technology) should do from the perspective of the end user. 
 Research questions 1.6
This research project aims to clarify what functional requirements/features need 
to be met on mHealth technology in order to allow these devices and apps to 
contribute to an effective primary prevention processes.  
Primary prevention has the objective to prevent diseases before it ever occurs, 
protect healthy persons from developing a disease (see also  2.6). 
With sub research questions: 
1. What is the definition of mobile health technology (mHealth technology) 
and what type of measurements and monitoring capabilities are 
available? 
2. Is a process design available from literature to be used as a behaviour 
change prevention intervention? 
3. What requirements are needed in different stages of the primary 
prevention processes to increase physical activity of persons with a 
sedentary lifestyle? 
 
Sub research questions 1 and 2 are answered by the literature study. The type of 
data required for answering the sub research 3 question is mainly qualitative. The 
explorative nature of this research project requires contextual data. 
 Research strategy 1.7
In the original research strategy, two experiments were considered as 
quantitative research method in two iterations during the definition of the 
research approach.  The first experiment had as objective to sustainable embed 
stair climbing in the day-to-day office life with support of mHealth devices (‘Office 
Workers Physical Vitality Experiment’). The second experiment had as objective 
to perform High Intensity Circuit Training (HITC) for a number of weeks specific 
for obese persons with a sedentary lifestyle with support of mHealth devices. The 
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setup of the HITC experiment is included in this thesis (see Appendix A - 
Experiment setup). An experiment would very likely provide insights into the role 
of the behaviour change process and mHealth technology. However, conducting 
the experiment was not feasible and too impractical in the context of this 
research project for a number of reasons: 
1. Unplanned healthcare problems with test subjects could result in legal 
and insurance issues as this experiment will not be a registered clinical 
trial and goes beyond the scope of the research project. 
2. The possible positive health effects are reached after months, not weeks. 
Therefore, a short-term experiment for a number of weeks will very likely 
not create any health effects measurable by mHealth devices.  
3. A number of mHealth related apps are available but are lacking the depth 
and quality required for a meaningful experiment. 
A suitable research strategy in view of the revised research question is to select 
a behaviour change process from literature and to research which mHealth 
technology with which specific functional requirements/features will support this 
process, hence supporting a person with a sedentary inactive lifestyle to become 
active. No test subjects, medical specialists or specific mHealth technologies are 
needed in the revised research strategy. Legal and insurance issues are avoided 
as well.  
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 Literature review 2.
 Context 2.1
The literature study of this research project concluded that literature could be 
divided into three disciplinary domains, i.e. literature on mHealth technology, 
literature on the behaviour change process aspects and literature on healthcare 
prevention. With the focus on the intersection of these three domains, see also 
the earlier mentioned Venn diagram Figure 3. 
 Search strategy 2.2
The OU digital library (http://bibliotheek.ou.nl/) is used as the main portal for 
searching literature, including the OU’s native search engine. Additional via the 
OU digital library the meta search engines Google Scholar 
(http://scholar.google.nl) and Worldcat (http://www.worldcat.org) are used. Other 
sources like Eurostat, CBS and Dutch government entities are consulted as well, 
mainly for healthcare related demographic changes impacting healthcare volume 
and expected demand and concerns related to innovative technology. 
Using earlier collected data instead of the collection of new data is often 
overlooked as a data collection method for answering the (sub) research 
questions (Saunders, Lewis, & Thornhill, 2008). (Re)using earlier collected data 
is referred to as secondary data. Secondary data is used in this research project, 
which was the RIVM Intervention Database. The RIVM (Dutch National Institute 
for Public Health and the Environment) Centre for Healthy Living, initiated an 
Intervention Database (RIVM, 2014). This database contains up to 2.000 
healthcare interventions with instructions for usage. In the context of this 
research the content of the database was analysed (via the RIVM search portal) 
for existing healthcare interventions using mHealth technology. No relevant data 
was available and this specific secondary data source was not further used for 
answering the (sub) research questions. 
See Table 1 for the search terms of set A related to mHealth Technology, set B 
behaviour change process and set C healthcare prevention.  
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Table 1. Search terms 
Set A Set B Set C 
mhealth technology behaviour change process healthcare prevention 
mobile health behaviour change health care prevention 
mhealth lifestyle change Prevention 
m-health lifestyle change process primary prevention 
mobile health information 
technology 
 
 
health information technology   
 
These search terms are applied as separate search terms in the mentioned 
search engines, but also in combination with the other sets, like: 
Combination 1: Set A (Boolean AND) Set B 
Combination 2: Set A (Boolean AND) Set C 
The combination Set B (Boolean AND) Set C is not applied as this excluded the 
required mHealth Technology context within the scope of the research project. 
Quotes are used to search for the exact search term. During the search it was 
noticed that the search terms “e-health” and “m-health” did not provide the 
expected results, as the search engine did not process the prefix “e-“ and “m-“ as 
what was expected, even when used between quotes. For example the search 
“m-health” AND “behaviour change” resulted into a result set with mixed results 
containing articles excluding the term “m-health”.  
When analysing the results sets for the search term “mobile mealth” in the 
various combitions with set B and set C, it was observed that mobile health also 
relates to “mobile health units” as used in developing countries for example as 
emergeny health facility. Also “mobile health” relates to the use of a mobile 
phone to be able to contact healthcare professionals in rural areas of developing 
countries. In the context of the literature study, healthcare in developing countries 
is set out of scope and articles in the result sets related to developing countries 
are not used. 
After analysing the first results, articles before 2006 were excluded, because of 
the historical analyse of the mHealth definition. mHealth is a relatively new 
concept and does have a dependency on modern smart phones and tablet 
technology. For example the first smartphone from Apple (the iPhone) was 
available in the United States on June 28, 2007 (wikipedia.org). The first tablet 
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from Apple (the iPad) was available in the United Stated on April 3, 2010 
(wikipedia.org). From Google Trend Analysis the term “mHealth” was used 
starting since 2009 (see Figure 4) and the term “iPhone” was used starting since 
2007 (see Figure 5). The term ‘Wearables’ is less specific and does not have a 
clear startingpoint since Google monitored these web search trends (see Figure 
6). What is notable for the Google Trend Line for the term ‘Wearables’ is the 
strong increase in relative search volume after 2013. The startingpoint in time of 
web searches for mHealth and iPhone on the leading search engine Google 
supports the decision to exclude articles before 2006. 
The trend lines in the mentioned figures shows total web searches for a term 
relative to the total number of web searches done on Google during the 
mentioned time frame. A line trending upwards means that a web search term's 
relative popularity is increasing. This does not mean the total absolute number of 
web earches for that term is decreasing. It means its popularity is decreasing 
compared to other web searches. 
 
Figure 4. Google Trend Line (Interest over time) for web search term "mHealth", Worldwide, 
requested December 2015 
 
Figure 5. Google Trend Line (Interest over time) for web search term "iPhone", Worldwide 
requested December 2015 
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Figure 6. Google Trend Line (Interest over time) for web search term "Wearables", 
Worldwide, requested December 2015 
Also interesting is the origin/geographical location of these web searches. As the 
term ‘Wearables’ has a strong increase in relative search volume after 2013, 
what are the geographical origins of these specifc web searches (see Figure 7)?  
 
Figure 7. Geographical origins based on the relative search volume for the term ‘Wearables’  
In order of relative search volume the term ‘Wearables’: San Jose, San 
Francisco, Austin, Singapore, San Diego, Toronto, Sydney, Melbourne, Seattle 
and Chicago. The cities San Jose and San Francisco are known for their strong 
innovative IT sector (‘Silicon Valley’). Also shown is Karnataka in the south part 
of India. The capital of the province Karnataka in India is the city Bangalore 
(officially known as Bengaluru), which has a strong Information Technology 
related sector.   
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 Sub research question 1: What is the definition of mobile health 2.3
technology (mHealth technology) and what type of measurements 
and monitoring capabilities are available? 
The first occurrence of mobile health technology related terminology in literature 
was the term ‘M-Health’ in the “Unwired e-med” special issue on wireless 
telemedicine systems (Laxminarayan & Istepanian, 2000). From 2004 until 2013, 
a number of definitions we are used (see Table 2).  
 
Table 2. mHealth definitions from 2000 - 2014 
Year Definition 
2000 The recent developments in these digital mobile telephonic technologies and their impact 
on mobility issues in different telemedical and telecare applications are clearly reflected in 
the fast-growing commercial domain of mobile telemedical services that were not possible 
with the standard plain old telephone (POTS) and ISDN services. Current examples 
include mobile ECG transmissions, video images and teleradiology, wireless ambulance 
services to predict emergency and stroke morbidity, and other integrated mobile 
telemedical monitoring systems. The next generation of mobile systems will not be 
confined to voice services anymore; instead, the next generation will bring with it ready 
access to higher bandwidth services and more data with greater speed and rates that will 
provide the perfect platform for the next generation of mobile E-MED systems 
(Laxminarayan & Istepanian, 2000) 
2004 Mobile computing, medical sensor, and communication technologies for health-care 
(Istepanian et al., 2004) 
2006 PDA-based medical software is revolutionizing the management and usage of patient 
records and special treatment needs in the health industry. Instead of jotting down notes 
and entering them later into a computerized system, the use of PDAs allows nurses and 
other staff members to instantly update the medical records and files of patients. 
However, existing medical software is currently targeted solely to doctors, nurses and 
caretakers (Komninos & Stamou, 2006) 
2007 mHealth services allow healthcare professionals to monitor the health condition of a 
patient and to act upon indications of an abnormal state at any time and at any place 
(Broens et al., 2007) 
2008.1 ‘mHealth’, a new paradigm of the emerging IT artefact, is the application of mobile 
communications – such as mobile phones and PDAs – to deliver right time health 
services to customers (or patients). In the healthcare sector, mHealth is a transformative 
IT service for shifting the care paradigm from crisis intervention to promoting wellness, 
prevention and self-management (Kaplan & Litewka, 2008) 
2008.2 m-Health is a broad area transcending multiple disciplines and utilizing a broad range of 
technologies. There are a variety of application devices, and communication technologies 
emerging in the m-health arena, which can be combined to create the m-health system. 
The dimensions consist of: Communication infrastructure, device type, data display, 
application purpose and application domain (Olla & Tan, 2008) 
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Year Definition 
2009 The emergence of high bandwidth public wireless networks and miniaturized personal 
mobile devices give rise to new mobile healthcare services, providing highly customizable 
vital signs tele-monitoring and tele-treatment system based on a body area network 
(BAN) and a mobile health care (m-health) service platform utilizing next generation public 
wireless networks (Wac et al., 2009) 
2012 Medical services and health information delivered or enhanced through mobile 
communication and information technology (Schweitzer & Synowiec, 2012). 
2013.1 Technology - software or hardware - that enables providers, payers, and patients to 
provide and receive medical treatment and information, as well as monitor their own 
health, regardless of place or time (Gordon et al., 2013). 
2013.2 mHealth (short for mobile health) is a term for using mobile communications devices for 
health services and information. These devices can be mobile phones, patient monitoring 
devices, tablets, personal digital assistants, or other wireless devices. The purposes of 
mHealth are: 
- To provide enhanced access to health information to patients, healthcare 
profesionals and researchers 
- To facilitate remote monitoring and diagnosing of patients 
- To deliver timely recommendations for health care (Klonoff, 2013) 
2013.3 Rapid advances in wireless communication and mobile technology have given rise to the 
notion of mobile health (mHealth) and its integration into existing health services. The use 
of mobile telecommunication and wireless devices to improve health outcomes, services, 
and research shifted from the ecosystem of consumer health and wellness to clinical 
settings, as wearable mHealth technology becomes increasingly widespread owing to its 
transmission of real-time data to raise patient awareness and to help clinicians detect, 
prevent, and extend care efficiently and ubiquitously (Appelboom et al., 2013) 
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Figure 8. Timeline to characterize mHealth definitions 
What is noticeable from the timeline with mHealth definitions (see Figure 8) is a 
number of transitions and paradigm shifts. First the transition to digital in 2000, 
than the transition from usage by solely medical professionals in clinical setting to 
patients in 2008 including the shift from intervention to prevention and the 
transition from consumer healthcare to the clinical setting in 2013. 
 Definition of mHealth as a Platform 2.4
For the purpose of this research project, a more detailed definition is required. 
Literature redirects often to the Food and Drug Administration (FDA), which is an 
agency within the U.S. Department of Health and Human Services. See Table 3 
for definition of Mobile Platform, Mobile Application, Mobile Medical Application 
(FDA, 2015). Based on the FDA definitions a Mobile Medical App can contain 
software elements (application) and hardware elements (accessories).  
Transition from plain old 
telephones (POTS) to 
‘digital mobile telephonic 
technology’ 
2000 2014 2002 2004 2006 2008 2010 2012 
Mobile computing, medical 
sensors 
Personal Digital Assistants 
(PDAs) for doctors and 
nurses for management 
and usage of patient 
records 
Professionals to monitor 
the health condition of a 
patient and to act at any 
time at any place 
Mobile phones and PDAs 
to deliver right time health 
services to customers or 
patients from shifting the 
paradigm from 
intervention to prevention 
High bandwidth wireless 
and miniaturized personal 
mobile devices give rise to 
new mobile healthcare 
services, Body Area 
Network 
Enables providers, payers, 
and patients to provide 
and receive medical 
treatment and information, 
as well as monitor their 
own health, regardless of 
place or time  
Integration into existing health 
services, to improve health 
outcomes, shifted from the 
ecosystem of consumer health and 
wellness to clinical settings, as 
mHealth becomes widespread to 
raise patient awareness and to help 
clinicians detect and prevent 
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Table 3. Mobile Medical Applications Definitions 
Nr. Topic FDA Definition 
A. Mobile Platform A commercial off-the-shelf (COTS) computing platforms, with or 
without wireless connectivity, that are handheld in nature. Examples 
of these mobile platforms include mobile computers such as smart 
phones, tablet computers, or other portable computers 
B. Mobile Application (Mobile 
Apps) 
A software application that can be executed (run) on a mobile platform 
(i.e., a handheld commercial off-the shelf computing platform, with or 
without wireless connectivity), or a web-based software application 
that is tailored to a mobile platform but is executed on a server 
C. Mobile Medical 
Application (Mobile 
Medical App) 
A mobile app that meets the definition of medical device in section 
201(h) of the Federal Food, Drug, and Cosmetic Act (FD&C Act) and 
either is intended: 
- to be used as an accessory to a regulated medical device 
- to transform a mobile platform into a regulated medical device 
In general, if a mobile app is intended for use in performing a medical 
device function (i.e. for diagnosis of disease or other conditions, or the 
cure, mitigation, treatment, or prevention of disease) it is a medical 
device, regardless of the platform on which it is run. 
D. Regulated Medical Device A product that meets the definition of device in section 201(h) of the 
FD&C Act and that has been cleared or approved by the FDA review 
of a premarket submission or otherwise classified by the FDA. 
 
An example is the AliveCor Heart Rate Monitor with ECG enabled smartphone 
case supported by an AliveECG App (see Figure 9). This specific example fits the 
FDA definition of a Mobile Medical App as it is FDA cleared as a FDA Regulated 
Medical Device.  
Summary of the definition of medical device in section 201(h) of the Federal 
Food, Drug, and Cosmetic Act (FD&C Act): Products that are built with or consist 
of computer and/or software components or applications are subject to regulation 
as devices when they are an instrument, apparatus, implement, machine, 
contrivance, implant, in vitro reagent, including any component, part, or 
accessory, that is intended for use in the diagnosis of disease or other conditions, 
or in the cure, mitigation, treatment, or prevention of disease or intended to affect 
the structure or any function of the body of man 
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Figure 9. AliveCor Mobile ECG, mobile phone attachment/handy case in combination with an 
app (FDA cleared as a FDA Regulated Medical Device) 
Other FDA cleared mHealth related apps are for example Diabetes Logbook by 
mySugr GmbH and Propeller Health by Recriprocal Labs. The Diabetes Logbook 
app is focussed on Type 1 Diabetes and provides manual data entry to support 
with diabetes care. The Propeller Health app, is dedicated to COPD and Asthma 
and is compatible with most inhalers (COPD and Asthma) records time and 
location each time the inhaler is used and wirelessly sends data to the 
smartphone app. See also Figure 10. 
 
 
Figure 10. Propeller Health, sensor embedded in inhaler in combination with an app (FDA 
cleared as a FDA Regulated Medical Device) 
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See Table 4 for other examples of mobile apps, devices and type of 
measurement. 
 
Table 4. mHealth devices related to type of measurements 
Nr. Type of 
measurement 
Generic description Example mHealth device 
1. Skin 
temperature 
Temperature of skin, with in 
some case calculates into 
body temperature 
- Vital Connect HealthPatch (link), via biosensor on body 
near heart 
- Basis Health Tracker (link) via wristband 
- Raiing iThermometer (link) via patch in armpit 
2. Heart rate Number of heart beats per 
minute 
- Azumio Instant Heart Rate App 
- Vital Connect HealthPatch (link) via biosensor on body 
near heart 
- Masimo iSp02 (link) via finger 
- Withings Pulse O2 (link) via wristband 
- Wahoo TICKR Heart Rate Monitor (link) via strap on chest 
- AliveCor Heart Rate Monitor (link) via sensors on mobile 
phone case 
3. Heart rate 
variability 
The variation in heart rate 
from beat to beat 
- Masimo iSp02 (link) via finger 
- Wahoo TICKR Heart Rate Monitor (link) via strap on chest\ 
- iThlete via finger or chest strap 
4. Blood pressure Artery pressure in the upper 
arm 
- Withings Wireless Blood Pressure Monitor (link) via cuff on 
upper arm 
5. Respiratory rate Number of breaths per 
minute 
- Vital Connect HealthPatch (link) 
6. Skin response The ability of the skin to 
conduct electricity 
- BodyMedia FIT monitor (link) via sensorband on upper arm 
7. Oxygen 
saturation 
(SpO2) 
Oxygen saturation level in 
blood 
- Masimo iSp02 via finger and app (link) 
- MedChoice Pulse Oximeter via finger MD300C318T (link) 
and app 
- Withings Pulse O2 (link) via wristband 
8. Body posture Laying down, sit, stand - Vital Connect HealthPatch (link) 
9. Sleep cycles Hours of sleep, nr of times 
woken, sleep efficiency 
- Fitbit Flex Activity & Sleep (link) via wristband 
- Withings Aura (link) via sleep sensor under mattress 
10. Activity Tracks steps, distance, stairs 
climbed, active vs. idle time 
- Fitbit Tracker (link) via wristband and app 
- Jawbone UP24 (link) via wristband and connected app 
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 mHealth Data 2.5
The majority of the health and fitness apps have the ability to export and share 
data in various structures and semantics. These formats are often not 
interoperable between apps. Creating a single end user dashboard for storing, 
tracking and sharing health and fitness data from different sources was 
cumbersome. The major players for the mobile platforms iOS and Android 
provided an answer to this void as they recently launched the Apple HealthKit 
and Google Fit. The HealthKit and Fit are data aggregators and do store data in a 
common data format independent of the original data. Besides storage of health, 
tracking devices generated data also manual data can be entered. The HealthKit 
provides data export functionality in a XML standardized format named Clinical 
Document Architecture (CDA) which is a certified standard by Health Level 
Seven (HL7) and ISO. This ensures the interoperability between health care 
business processes and healthcare information systems. During this research, 
the Apple HealthKit was introduced and is not yet supported by all apps and the 
functionality of the HealthKit is basic.  
 Sub research question 2: Is a process design available from 2.6
literature to be used as a behaviour change prevention intervention? 
As discussed, the aging population and a trend towards modern citizens living a 
less healthy lifestyle than previous generations has resulted in increasing 
volumes of lifestyle diseases (CBS, 2012). One of the answers might be 
prevention resulting in a life style change. Health care prevention does have 
three categories which are dependent on the stage of the health condition 
(Mackenbach, van der Maas, & Bonsel, 2008):  
1. Primary prevention: Aims to prevent disease before it ever occurs protect 
healthy people from developing a disease. 
2. Secondary prevention: After an illness or serious risk factors have already 
been diagnosed, the goal is to halt or slow the progress of the disease (if 
possible) in its earliest stages. 
3. Tertiary prevention: helping people to manage complicated, long-term 
health problems such as diabetes, heart disease, cancer and chronic 
musculoskeletal pain. The goals include preventing further physical 
deterioration and maximizing quality of life. 
Primary prevention is within the scope of the research question and does fit the 
initial observation of the increasing volume of lifestyle related diseases. Primary 
prevention consist of 5 process steps  (Mackenbach et al., 2008): 
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A. Epidemiological analysis - Identify risk groups based on research of 
illness and health trends. 
B. Risk factor/determinants analysis - Identify risk factors based on analysis 
of behaviour and environment determinants. 
C. Target Group Selection - Identify a group of individuals who a match 
based on the risk factors. 
D. Set up and plan intervention - The risk factor/determinants analysis 
provided causes and the intervention is the mitigating action to 
compensate.   
E. Perform Intervention - Execute the planned intervention. 
 
See also Figure 11 for a process view of the primary prevention process steps. 
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Figure 11. High level Primary Prevention Process (Mackenbach et al., 2008) 
 
 
A. Epidemiological analysis
Identify risk groups based on research 
of illness and health trends, for 
example an increase in chronic illness
B. Risk factor/determinants analysis
Identify risk factors based on analysis 
of behaviour and environment 
determinants causing e.g. an increase 
in chronic illness, which might be 
overweight caused by lack of 
exercises
C. Target Group Selection
Identify a group of individuals who a 
match based on the risk factors
D. Set up and plan intervention
The risk factor/determinants analysis 
provided causes and the intervention 
is the mitigating action to compensate.  
For example: exercise more
E. Perform Intervention
Execute the planned intervention
Effect and 
process 
evaluation
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Table 5. Primary prevention analysis for the context and scope of this research project  
Nr. Process Step 
Analysis from literature and the context/scope of this 
research project 
A. Epidemiological analysis Lower life expectancy and increase of cardiovascular and 
metabolic diseases by up to 10% (Lee et al., 2012) 
B Risk factor/determinants analysis Physical inactivity characterized by a prevalence of sedentary 
behaviour (Lee et al., 2012) 
C. Target Group Selection Office/knowledge workers with a sedentary life style without any 
current diseases (i.e. primary prevention)  
D. Set up and plan intervention Preventive and behaviour change intervention to increase 
physical activity and to increased fitness levels by using mobile 
health monitoring technology 
E. Perform Intervention Not applicable within the scope of this research 
 
In the next paragraph step D Set up and plan intervention is described in more 
detail using a behaviour change process selected from literature. 
 What is Behaviour Change in the context of this research project? 2.7
One of the leading processes in literature is the Health Action Process Approach 
(HAPA) (Ralf; Schwarzer, 2008). The HAPA model is a model to examine and 
promote health behaviour change. It originates from the field of health 
psychology. After the first publication, the HAPA process model is validated from 
different perspectives e.g. less smoking among young adults, predicting dietary 
behaviours among middle-aged adults with chronic health problems, seat belt 
use of adolescent car passengers and physical exercise adherence after cardiac 
rehabilitation. The high-level process distinct three subprocesses (see also 
Figure 12). 
1. Intention: A behaviour change requires first a behaviour intention. It 
requires confidence in the person’s own capabilities, the attitude that 
action does have more advantages than disadvantages and the 
awareness that action can avoid a health threat.  
2. Planning: When, where and how to do an intended action, but also the 
‘coping’ planning to anticipate barriers and emergency actions to ensure 
to keep on track towards the goal 
3. Action: Perform the planned action leading to the behaviour change 
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Figure 12. High Level Health Action Process Approach (Ralf; Schwarzer, 2008) 
The goal of the process is to move a person along these subprocesses towards 
action. As mentioned earlier the HAPA process model has the distinction 
between pre-intentional motivation goal setting and post-intentional goal pursuit 
that lead to the actual health behaviour (see Figure 3). In the initial motivational 
goal-setting phase, a person develops an intention to act. In this phase, risk 
perception is considered (e.g. “I am at risk for cardiovascular disease”). Risk 
perception in itself is insufficient to enable a person to form an intention. It sets 
the stage for a reflection on thoughts about consequences and competencies. 
Positive outcome expectations (e.g. “If I exercise five times per week, I will 
reduce my cardiovascular risk”) are seen as being important in the motivational 
goal-setting phase, when a person balances the pros and cons of certain 
behavioural outcomes.  
Additional, a person needs to believe in his or her capability of performing a 
desired action (perceived self-efficacy). Self-efficacy is the sense of a person’s 
ability to carry out a desired behaviour change. Perceived self-efficacy operates 
together with positive outcome expectations, both of which contribute to creating 
an intention for change. Both beliefs are needed for forming intentions to adopt 
behaviours, such as regular physical exercise. For example, a person might be 
confident in his or her capability to be physically active in general (i.e. high action 
self-efficacy), but might not be very confident about resuming physical activity 
after a setback (low recovery self-efficacy). 
Action self-efficacy is the activity in which an individual does not yet act, but 
develops a motivation to do so. Individuals high in action self-efficacy imagine 
success, anticipate potential outcomes of diverse strategies, and are more likely 
to initiate a new behaviour.  
Maintenance self-efficacy represents optimistic beliefs about a person’s capability 
to deal with challenges that come up during the maintenance period. New health 
behaviour might turn out to be much more difficult to adhere to than expected, 
but a self-efficacious person responds confidently with better strategies, more 
effort, and prolonged persistence to overcome such challenges. Once an action 
has been taken, persons with high maintenance self-efficacy invest more effort 
and persist longer than those who are less self-efficacious. 
Intention Planning Action
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Recovery self-efficacy addresses the experience of failure and recovery from 
setbacks. High self-efficacious persons can handle failure better that low self-
efficacious persons by finding ways to control the damage and to restore hope. 
Recovery self-efficacy is related to a person’s conviction to get back on track 
after being derailed. 
 
 
 
Figure 13. Health Action Process Approach (HAPA) 
The variables from the conceptual model are described in more detail in Table 6.  
 
Table 6. Behaviour change process variables with description / examples related to physical 
activity interventions (Ralf Schwarzer, Lippke, & Luszczynska, 2011) 
Variable 
Description / Example Pre-
intender 
Intender Actor 
Motivational Goal Setting 
A. Action 
(motivational) self-
efficacy 
“I am confident that I can be physically active even if 
it is difficult for me”) is defined as the belief in one’s 
capability to perform a desired action and is seen as 
crucial to develop an intention in the motivation 
phase (Schwarzer et al., 2011). 
X   
B. Outcome 
expectancies 
Outcome expectancies are regarded as being 
mainly influential in the motivational process. In 
particular, positive outcome expectancies (e.g., “If I 
am physically active on a regular basis then I will do 
something good for my health”) contribute to forming 
an intention for the target behaviour 
X   
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Variable 
Description / Example Pre-
intender 
Intender Actor 
C. Risk perception  Risk perception addresses the perceived 
vulnerability for certain diseases (“If I keep living as I 
have this far, then my health-related risk will be 
high”)  
X   
Goal Pursuit 
D. Maintenance 
self-efficacy  
“I am confident that I can be physically active 
permanently and on a regular basis even if I have to 
overcome barriers” 
 X  
E. Coping planning “I have planned in detail how I could cope with 
difficult situations to stick to my intentions”). 
 X X 
F. Action planning “I have planned in detail when, where, and how I will 
be physically active”) 
 X X 
G. Social support Different intervention studies demonstrated the 
relevance of social support in the area of physical 
activity (e.g. Gellert, Ziegelmann, Warner, & 
Schwarzer, 2011) and were able to show that 
physical activity interventions comprising social 
support strategies can be more effective (Salmon, 
Bremen, Fotheringham, & Finch, 2000). 
 X  
H. Recovery self-
efficacy 
“I am confident that I can resume my physical 
activity even if I wasn’t physically active several 
times” 
  X 
 
The HAPA process model assumes that one set of variables can be important in 
helping to move people from the pre- intender to intender stage, whereas a 
different set of variables may have stronger influence for moving individuals from 
the intender to the actor stage.  
Based on the sub research question: What mHealth functional requirements are 
needed in different phases of the primary prevention processes? Based on the 
phase/actors, one could argue that what functional requirements of mHealth 
technology would support a person moving from the pre-intender to the intender 
stage and from the intender to the action stage? 
 Human behaviour is not always rational 2.7.1
The HAPA process model does not cover very well that human behaviour and 
choices are not always rational. Having behaviour change at scope, the most 
efficient technique is to support the individual in creating plans that help them 
through situations of risk. Literature suggests that reinforcement of self-regulation 
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skills will increase the effectiveness of health behaviour change. (Michie, 
Abraham, Whittington, McAteer, & Gupta, 2009). Even tailored professional 
instructions do not have an influence without the commitment and active planning 
of the person involved.  
 RIVM Intervention Database 2.7.2
RIVM (Dutch National Institute for Public Health and the Environment) Centre for 
Healthy Living, initiated an Intervention Database (RIVM, 2014). This database 
contains almost 2.000 healthcare interventions with instructions for usage. 
Healthcare providers can submit interventions for assessment. A committee of 
experts assesses the quality of these interventions. The assessment committee’s 
judgement is based on criteria including whether an intervention has been 
accurately described and documented, the empirical and theoretical foundation of 
an intervention, and the extent to which its effectiveness has been proven by 
means of appropriate studies. With as objective to have the opportunity for 
(process) reuse the intervention database is analysed as part of this research 
project. The database can be searched per set of parameters and by free text. 
Based on the context of this research project, a search resulted into a set of 11 
interventions, see Table 7. Unfortunately, these interventions do not contain 
process related prevention intervention information. The majority does have a 
focus on traditional face-to-face coaching and the role of (mobile) technology is 
very limited. Therefore, reuse of intervention processes and approached from the 
RIVM Intervention Database is not feasible for this research project. 
 
Table 7. Selection from RIVM Intervention Database 
Nr. Intervention name 
1. COACH-methode 
2. Stapjefitter 
3. Stappa Virtuele loopcompetitie 
4. ìts my life 
5. Maak werk van bewegen! 
6. Power at Work - bewegen en ontspannen op de werkvloer 
7. Voedingscheck 
8. Tai Chi op het werk 
9. WellVit, jouw keuze in wellness & vitaliteit 
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Nr. Intervention name 
10. FitVitaalService en Internationaal Gezondheidspaspoort 
11. Vitality Roadshow by WellVit 
 
 Literature Review Conclusion 2.8
The purpose of this literature review was to research the available and relevant 
literature on the intersection of the domains: A. mHealth Technology, 
B. Behaviour Change Process and C. Healthcare Prevention. 
Regarding domain A. mHealth Technology. Literature is available sufficiently to 
describe mHealth technology in detail and the evolution of mHealth technology 
since the year 2000. This includes the type of mHealth measurements and 
monitoring capabilities. Excluded is mobile health related to developing countries, 
e.g. the ability to access a healthcare professional via a mobile phone in rural 
areas and mobile health units as emergency health facility. 
Regarding B. Behaviour Change Processes. Literature is available about 
behaviour change, however very limited literature is available about the process 
design aspect or process description of behaviour change. From the limited 
available literature, a behaviour change process is selected. This specific 
behaviour change process is well described and the scientific community quoted 
these publications frequently.  
Regarding C. Healthcare Prevention. A vast amount of literature is available to 
describe many aspects of healthcare prevention. This is a scientific research 
domain which is well described and has the attention of the healthcare scientific 
community, driven by the paradigm shift from crisis intervention to primary 
prevention, health living and healthy aging. 
Regarding the specific intersection of the domains mHealth Technology, 
Healthcare Prevention and Behaviour Change Processes, which was the 
purpose of the literature review no relevant scientific literature could be found in 
the consulted scientific digital libraries, at time of performing the literature review.  
So a new question arose: How to collect data on the mentioned intersection if no 
relevant scientific literature could be found? What is a given is the literature on 
the research domains itself for mHealth Technology, Healthcare Prevention and 
Behaviour Change Processes.  
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So available are: 
1. A behaviour change process in the context of healthcare primary 
prevention, see Figure 13. 
2. A definition of and context on mHealth technology, see Table 3. 
3. The specific desired outcome of the behaviour change, hence bringing a 
person from a sedentary inactive lifestyle to an active healthy lifestyle 
(see also Research Goal,  1.4 and Research Scope  1.5).  
Exploratory research is the way forward.  
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 Data collection 3.
 Approach: Exploratory research 3.1
Exploratory research tends to tackle new problems on which little or no previous 
research has been done (Brown, 2006). In contrast to other research types as 
descriptive (portray an accurate profile of persons, events or situations) or 
explanatory (establish causal relationships between variables). Exploratory 
research could be defined as “defining a problem to seek new insights; to ask 
questions and to assess phenomena in a new light. It is particularly useful for 
clarification and understanding of a problem (Saunders et al., 2008). For the 
current research project, little historical data is available. As concluded in the 
Literature Review Conclusion, there is no extensive set of literature available for 
the intersection of the research domains A. mHealth Technology, B. Behaviour 
Change Process and C. Health Prevention. Therefore, this research project has 
the best fit with exploratory research. 
Multiple methods are often used in research projects instead of mono method 
research projects. Usage of multiple methods can create complementary insights 
and can increase richness of data. As discussed, this research project has a 
strong exploratory aspect, which requires mainly qualitative contextual data. 
Therefore, the participant observation, semi-structured and unstructured 
interviews remain alternatives for the primary data collection methods. Participant 
observation is not consistent with the research question, i.e. following persons in 
their own environment in an extended period determining the requirements for 
primary prevention/behaviour change. The semi-structured interview method 
seems to be one of the best candidates. The explorative aspect in combination 
with the multi-disciplinary characteristic of this research project (i.e. mHealth 
technology, social psychology, healthcare, fitness) requires more than only semi-
structured interviews of a set of participants. After all, it is unlikely that a single 
person will have a full understanding of all the disciplines and will have a recent 
and sound answer on the research question(s) as no historic data is available. A 
multidiscipline approach covering the three research domains is required. This is 
joint problem solving with feeding answer of specialists on a certain area to the 
larger group. This creates an iterative convergent problem solving process. From 
academic research, this process is described in the 1950’s as the Delphi method 
referring to the Oracle of Delphi (Dalkey, Brown, & Cochran, 1969). 
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 Delphi method 3.2
The Delphi method is recommended in situations where no or little historical data 
is available (Rowe, Wright, & Bolger, 1991). This is the case in this specific 
research project. The Delphi method is an iterative process that collects and 
refines the anonymous opinions of expert participants using a series of data 
collection and analysis techniques combined with feedback (Skulmoski, Hartman, 
& Krahn, 2007). The Delphi method was developed by the Rand Corporation in 
the 1950s. The features of the Delphi method are design to minimize the biasing 
effect of domination individuals, of irrelevant communications and of group 
pressure towards conformity (Dalkey et al., 1969). It is a group decision 
mechanism requiring qualified experts who have in-depth understanding of the 
issues (Okoli & Pawlowski, 2004).  
The majority of the Delphi efforts during the first decade after development were 
for forecasting and issue identification/prioritization on a range of topics, including 
both short- and long-range forecasts. For example: ‘Compile a ranked list of 12 
future scenarios related to the potential success of the Wireless Application 
Protocol’ or ‘Forecast the role of the systems analyst in the 21st century’. 
Explorative concept/framework development represents a second type of 
application of the Delphi method and does fit more with this specific research. 
These study designs typically involve a number of steps beginning with the 
selection of the expert participant, followed by the identification of a set of 
concepts. The third step is the further development of classification and 
taxonomy (Okoli & Pawlowski, 2004).  
 Delphi method steps and activities for this research project.  3.2.1
Our approach contains four main steps: 
1. Preparation, confirm participation of pre-selected expert participants. 
2. Identification of functional requirements/features for mHealth technology. 
3. MoSCoW Ranking of functional requirements/features. 
4. Sharing initial results/raw data with participants. 
 
MoSCoW is a prioritisation technique for helping to understand and manage 
priorities (Clegg, 2004) first use in Dynamic Systems Development Method. The 
acronym stands for: 
- Must Have: Critical to have in order to be a success, without it, it will not 
work 
- Should Have: Important but not vital 
- Could Have: Wanted or desirable but less important 
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- Won’t Have: Least-critical, very limited to no impact 
 
In the sections below per main step, the activities are listed and further detailed. 
 
1. Preparation 
a. Select a group of relevant participants based on their expertise 
related to the research questions. See Table 9 for a list of Expert 
Knowledge Areas. In the context of the research project aimed is 
for approx. eight participants (see  3.2.2) who are proven 
knowledgeable in one of the specific Expert Knowledge Area. The 
minimum set of criteria used in this research project are: (1) an 
academic qualification in a relevant subject relevant for one of 
Expert Knowledge Area and (2) multiple years of professional 
experience in the same Expert Knowledge Area (3) preferably 
recognized by their peers as leader in their area. See Table 10 
with a list of Expert Knowledge Areas including suggested 
participants and their qualifications. 
b. Contact participants to request their contribution. 
c. Share by e-mail using BCC (ensuring anonymity), a self-
explanatory document in pdf including: 
i. Research objective and main research questions 
ii. Research approach and Delphi method 
iii. Primary prevention process for behaviour change (HAPA 
process) 
iv. Definition of mHealth technology used for the scope of the 
research project 
v. The expectation and estimated effort of their contribution 
d. Request confirmation for contribution for this research project by 
e-mail reply for every participant.  
2. Identification of functional requirements/features for mHealth 
technology 
a. Question 1 by e-mail to all participants using BCC, in Dutch (as all 
the participants are Dutch): 
 
Welke functionele requirements/features van mHealth technologie 
kunt u bedenken die kunnen helpen om een inactief persoon: 
(a) van de fase Intention naar Planning te krijgen, dus van Pre-
Intender naar Intender 
(b) van de fase Plannning naar Action te krijgen, dus van 
Intender naar Actor 
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U kunt beantwoorden in trefwoorden en korte zinnen, bij voorkeur 
zo min mogelijk gehinderd door wat technisch of financieel 
mogelijk is.  
See also: Appendix B – E-mails to Participants for Introduction, 
Round 1 and Round 2 
Translation: 
Please list functional requirements/features of mHealth technology 
supporting an inactive individual: 
(a) from the intention to planning phase: from Pre-Intender to 
Intender 
(b) from the planning to action phase, so from Intender to Actor 
b. The lists received from the participants can vary in level of detail, 
may contain duplicates, can have different terminology and can 
contain synonyms and can be Dutch or English. In this step these 
lists from the participants are consolidated into one uniformed list 
of functional requirements (the original source input from the 
participants will remain available) 
c. The uniformed list of functional requirements is mapped to the 
influencing variables (A to H) by the researcher. If the influencing 
variables were shared upfront with the participants a bias in the 
collection of functional requirements/features might be occurred.  
d. Create a final version of the list with functional requirements 
required for mHealth technology mapped to the influencing 
variables to support a person with a behaviour change in 
increasing physical activity, i.e. driving a person through the 
stages pre-intender to intender to actor 
3. MoSCoW Ranking of functional requirements/features 
a. Question  2, by e-mail to all participants using BCC 
The list is attached to the e-mail. This list contains mHealth 
functional requirements/features impacting behaviour change 
mapped to the influencing variables and includes empty fields for 
participants to fill out 
b. Prioritize the consolidated and mapped functional 
requirements/features of Delphi Round 1 using the categories 
Must Have, Should Have, Could Have, Won’t Have (MoSCoW 
prioritisation) with the expected level of impact the functional 
requirement/feature might have to increase physical activity of an 
individual with a sedentary inactive lifestyle 
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Per functionele requirement/feature (per regel) typt u een M, S, C 
of W in het bijgevoegde Word-document en mailt u het document 
retour. U bent vrij om elke categorie (M, S, C of W) vaker te 
gebruiken, in het Word-document vindt u ook meer informatie.  
 
See also: Appendix B – E-mails to Participants for Introduction, 
Round 1 and Round 2 
 
c. Create a ranked and final version of the functional 
requirements/feature list 
4. Sharing initial results/raw data with participants 
a. Share the initial results/raw data with participants 
b. Share the details of the other participants and thank them for their 
efforts 
 
Definition of a functional requirement/feature in the context of this research 
project: A functional requirement/feature is a description of what a system 
(mHealth technology) should do from the perspective of the end user 
 
Table 8. Conceptual Framework for capturing Functional Requirements of mHealth 
technology, based on behaviour change process variables (see Table 6) 
Variable 
Pre-intender Intender Actor 
Risk perception  Functional 
Requirements for 
mHealth technology  
  
Outcome expectancies Functional 
Requirements for 
mHealth technology  
  
Action (motivational) 
self-efficacy 
Functional 
Requirements for 
mHealth technology  
  
Social support  Functional 
Requirements for 
mHealth technology  
 
Maintenance self-
efficacy  
 Functional 
Requirements for 
mHealth technology  
 
Action planning  Functional 
Requirements for 
mHealth technology  
Functional 
Requirements for 
mHealth technology  
 -  32  - 
 
Variable 
Pre-intender Intender Actor 
Coping planning  Functional 
Requirements for 
mHealth technology  
Functional 
Requirements for 
mHealth technology  
Recovery self-efficacy   Functional 
Requirements for 
mHealth technology  
 
 Number of participants 3.2.2
Limited guidance is available in literature regarding the number of participant 
when using the Delphi method. The sample size ranges from a minimum of three 
participants up to several hundred participants. The consideration used are: 
1. Heterogeneous or homogeneous sample. When the potential population 
is homogeneous, a smaller sample size is required. In the context of this 
research project, the population is heterogeneous. This is because of the 
multidisciplinary approach using the three research domains. 
2. Quality of end result vs. Delphi manageability trade-off. There is a 
reduction in error or an increase in quality as sample size increases. 
3. Internal or external verification. The larger the sample size, the more 
convincingly the results are. 
The potential sample size is positively related to the number of available experts  
(Skulmoski et al., 2007). In the context of this research project, aimed is for a 
sample size of approx. eight Delphi participants. These participants should cover 
the knowledge of the three research domains.  
 Selection of participants 3.2.3
First, the three research domains A. mHealth Technology, B. Behaviour Change 
Processes and C. Healthcare Prevention are further detailed into more specific 
Delhi participants profiles. The criteria used are derived from the scope of this 
research project, i.e.: 
1. Behaviour change in the context of the research project is the sustainable 
change for a person from a sedentary inactive lifestyle to an activity 
lifestyle 
2. The focus of this research project is on the functional usage by end users 
of mHealth Technology and less on the technical non-functional aspects 
of mHealth Technology 
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Based on the research domains a number of Delphi participants profiles were 
defined, see Table 9. 
 
Table 9. Research domains and Delphi participants profiles 
Nr. Research Domain (see also Figure 3) Participants Profiles/Expert Knowledge Areas 
1. Behaviour Change Process Specialists in providing support to individuals for 
a behaviour change/lifestyle change, i.e. in 
bringing individuals from inactive to an active 
lifestyle 
2. Specialists in Healthcare Prevention Researchers in primary healthcare prevention 
from the academic community or practitioners 
3. mHealth Technology Specialist in mHealth technology (Apps and 
Devices) generic 
4. mHealth Technology / Behaviour Change 
Process 
Specialist on mHealth technology specific for 
physical activity 
5. mHealth Technology end-users High frequent end-users of mHealth technology 
over longer time frame as behaviour change is 
not a short term activity 
 
Based on the profiles a long-list of Delphi participants were identified using 
searched on social business network site LinkedIn (www.linkedin.com), by 
consulting colleagues from the EY Healthcare practice and consulting my own 
personal network. To high-light some of the expert participants on the long-list: 
1. The Delphi participant, specialists in Healthcare Prevention from Nictiz, I 
met on a Health & ICT congress.  
2. The Delphi participant, medical doctor and researchers in primary 
healthcare prevention form the Catharina Hospital was referred to me via 
the Claudication Care Network (www.claudicationet.nl). Claudication is a 
walking impairment often caused bij cardiovascular diseaese and requires 
a behaviour change most often a change from inactive to an active 
lifestyle to prevent further medical interventions. Claudication was 
mentioned to me by a colleague. After contacting Claudicationet and 
explaining the objective and approach of this research project, they 
referred me to a research physician with affinity for lifestyle influences.  
3. The Delphi participant from the Dutch Rugby Union was mentioned to me 
by a colleague. 
 
See Table 10 for the suggested long-list of participants after the initial search 
based on the participants profiles. 
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Table 10. Potential participants based on Delphi participants profiles (long-list) 
Nr. Profile Participant name Experiences 
1. Specialists in Healthcare 
Prevention 
Available on request Program manager Patiënt and eHealth 
including ‘Patiënt en Zelfmanagement’ 
2. Specialists in Healthcare 
Prevention 
Available on request Epidemiologist, responsible for the 
development and execution of public 
healthcare interventions 
3. Researchers in primary 
healthcare prevention from 
the academic community 
Available on request Associate Professor, VU MC, Human 
intervention trials to investigate 
underlying mechanism and observational 
studies 
4. Specialist in mHealth 
technology (Apps and 
Devices) generic 
Available on request Sr. Partner Manager at Vodafone 
Libertel, responsible for Unified 
Communications for Healthcare at 
Vodafone Netherlands 
5. Specialist in mHealth 
technology (Apps and 
Devices) generic 
Available on request Director Healthcare at EY 
6. Specialist in mHealth 
technology (Apps and 
Devices) generic 
Available on request Product Markt Manager Healthcare 
Communications - Ascom 
7. High frequent end-users of 
mHealth technology over 
longer time frame as 
behaviour change is not a 
short term activity 
Available on request Strava (leading cylcing racing sport app) 
champion at WTC Houten (Wieler Tour 
Club), initiator of knowledge sharing 
events about GPS/activity tracking and 
Strava, Cycled 8,000+ km using the 
Strava app 
8. Researchers in primary 
healthcare prevention from 
the academic community 
Available on request Professor at the University of Amsterdam 
/ Academic Medical Center Serious 
Gaming, Simulation and Applied Mobile 
Healthcare 
9. High frequent end-users of 
mHealth technology over 
longer time frame as 
behaviour change is not a 
short term activity 
Available on request Strava app extensive user (cycled 28.000 
km using the app) Strava is a leading 
cylcing racing sport app/community 
10. Specialists in providing 
support to individuals for a 
behaviour change/lifestyle 
change, i.e. in bringing 
individuals from inactive to 
an active lifestyle 
Available on request Personal trainer, supporting clients with 
nutrition and physical activity 
11. Researchers in primary 
healthcare prevention from 
the academic community 
Available on request Medical Doctor, Allied Health Science, 
Clinical Trials, Rehabilitation Medicine 
12. Specialists in providing 
support to individuals for a 
behaviour change/lifestyle 
change, i.e. in bringing 
individuals from inactive to 
an active lifestyle 
Available on request Responsible for health monitoring 
technology of the Dutch Ladies Rugby 
team to optimize training effectiveness 
13. Specialists in providing 
support to individuals for a 
behaviour change/lifestyle 
change, i.e. in bringing 
individuals from inactive to 
Available on request General Practitioner Amstelveen 
 -  35  - 
 
Nr. Profile Participant name Experiences 
an active lifestyle 
 
All potential participants received an e-mail describing the context of the research 
project and were asked if they were willing to participate (see Appendix B – E-
mails to Participants for Introduction, Round 1 and Round 2). Some were 
contacted personally to discuss this research project and how they could 
contribute. Seven of the thirteen potential participants of the long-list were willing 
to contribute. One redirected me to a colleague within the same organisation who 
has more knowledge and experience in the research topics. This person too 
agreed to participate. This resulted into the final list of eight Delphi participants, 
see Table 11. From the potential participants on the long-list there was one non-
responder. Two potential participants had a strong commercial focus on mobile 
health technology and were excluded. One potential participant did not consider 
himself expert enough for the research project and one potential participant 
mentioned lack of time to be able to contribute properly.  
 
Table 11. Final list of participants after confirmation of participation (short-list) 
Nr Name (last, first) Title Organization Role 
1. Participant 1 n/a VeiligheidNL Epidemiologist, responsible for the 
development and execution of public 
healthcare interventions 
2. Participant 2 n/a VUmc - Department of 
Public & Occupational 
Health 
Senior researcher with the Department of 
Public and Occupational Health of the VU 
University Medical Center, refered by dr. J. 
(Joline) Beulens 
3. Participant 3 n/a Nictiz (Nationaal ICT 
Instituut in de Zorg) 
Program manager Patiënt and eHealth 
including ‘Patiënt en Zelfmanagement’ 
4. Participant 4 n/a GP Practice Meander  General Practitioner Amstelveen 
5. Participant 5 n/a Dutch Rugby Union Responsible for health monitoring 
technology of the Dutch Ladies Rugby 
team to optimize training effectiveness 
6. Participant 6 n/a Catharina Hospital Medical Doctor, Allied Health Science, 
Clinical Trials, Rehabilitation Medicine  
7. Participant 7 n/a Professional Personal 
Trainer 
Personal trainer, supporting clients with 
nutrition and physical activity 
8. Participant 8 n/a EY Advisory Health Care Strava app extensive user (cycled 28.000 
km using the app) Strava is a leading 
cylcing racing sport app/community 
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 Data analysis and results 4.
 Method of data analysis 4.1
To be able to answers the research questions, two views on the collected data 
are created. The first view is based on the behaviour change process phases 
(intention, planning, action). The second view is based on the MoSCoW ranking. 
The first view process related categories are: (1) Pre-intender to Intender and (2) 
Intender to Actor, in line with the question of Delphi round 1:  
Please list functional requirements/features of mHealth technology 
supporting an inactive individual: 
(a) from the phase intention to planning, so from Pre-Intender to Intender 
(b) from the phase planning to action, so from Intender to Actor 
This split between the functional requirements/features is based on the process 
model variables (see Table 6). The variables A, B, and C are related to 
motivational goal setting, bringing an individual from the Pre-Intender to the 
Intender phase and variables D, E, F, G, H are in the goal pursuit, in bringing an 
individual from the Intender to the Actor phase. Not all received functional 
requirements/features could be mapped to a variable of the behaviour change 
process, so a separate category for the generic functional requirements/features 
is also created. Additional the requirements/features, which did not receive any 
Must Have (M) by any participant, are shown in a separated table. Therefore, this 
view has three categories: (1) Pre-intender to Intender, (2) Intender to Actor and 
(3) Generic.  
The second view uses the MoSCoW ranking to analyse which functional 
requirements/feature are seen by the participants as important requirements 
critical for success as opposed to the functional requirements/features  
considered less important, or critical. Therefore the functional 
requirements/features have been categorised into three categories: 
1. Must Haves and Should Haves 
Contains the Must Haves (M) and Should Haves (S) without Could Haves 
(C) or Won’t Haves (W) OR with a majority of Must-Have (M) and Should 
Haves (S), without any Won’t Haves (W) 
2. Distributed scoring 
Ranking is distributed amongst Must Have, Should Have, Could Have or 
Won’t Have 
3. No Must-Haves 
No participant scored these requirements as Must Haves (M) 
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For both views a ranking of functional requirements/features are applicable. The 
ranking is based on the consolidated requirements/features on the scores given 
by the participants in Delphi round 2 for the attributes Must Have (M), Should 
Have (S), Could Have (C) and Won’t Have (W). The ranking is based on a sort 
from high to low, first on Must Have, then Should Have, then Could have and 
then Won’t Have. The reason for ranking the requirements/features by sorting 
instead of the calculation of an overall score, for example with a weight factor, is 
giving more credit to the MoSCoW method. Participants had to make an explicit 
choice between M, S, C or W, which is less visible in an overall numeric score 
per functional requirement/feature. 
 Collected Data 4.2
The results of Delphi round 1 contains in total 46 functional 
requirements/features. These are collected by 7 of the 8 Delphi participants. One 
of the participants does have a long-term illness and could not continue to 
participate. This specific participant had the ‘Specialist in Healthcare Prevention’ 
profile. As one of the other Delphi participants had the same profile no further 
action was necessary to compensate. For the ranking (Delphi round 2), 5 of the 7 
participants contributed. Two participants did not respond to the question related 
to ranking to the functional requirements/features.  
 View 1: Categories, ranked 4.2.1
Functional requirements/features of mHealth technology related to variables 
influencing behaviour change see column ‘Functional requirements/features (…) 
results’ for the three mentioned categories, ranked from high to low.  
 
Category Number of Req. Reference 
Pre-intender to Intender 16 Table 12 
Intender to Actor 24 Table 13 
Generic – Not related to the process 
variables 
6 Table 14 
Totals 46  
 
Table 12. View 1: Pre-Intender to Intender Functional Requirements/Features 
Functional requirements/features M S C W Variables 
Using heartrate and stress monitor with explaining of measured 
values and consequences 
4 1 0 0 C. Risk perception 
The feature to configure concrete and measureable targets/goals, 
including recent photo (a photo which most participants like to get rid 
of as quickly as possible) 
4 0 1 0 A. Action self-efficacy 
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Functional requirements/features M S C W Variables 
Use social validation (‘compliance in a social activity to fit in and be 
part of the majority’) by integrating social media and show to friends 
and others who are already using mHealth technology to support an 
active lifestyle 
3 1 1 0 A. Action self-efficacy 
Create awareness for the expected outcomes so a participants 
becomes conscious of the behaviour change 
3 0 2 0 B. Outcome expectancies 
Provide support for a physical test so the participant receives 
feedback about his or her physical ability 
2 2 1 0 B. Outcome expectancies 
mHealth technology shows benefits of an active lifestyle 2 2 1 0 C. Risk perception 
Use mHealth technology to provide good reasons/convincing 
argumentation to exercise if a participant does not like to exercise, 
to overcome reluctance/aversion 
2 1 2 0 A. Action self-efficacy 
Embed the (personal) results of  motivational Interviewing in 
mHealth technology 
2 1 2 0 B. Outcome expectancies 
Long-term motivation by providing easy access to information with 
clear and concise benefits of behaviour change. Provide the 
individual with a Why. 
2 1 2 0 B. Outcome expectancies 
Ask the participant for commitment ‘Yes I am going to change my 
lifestyle, starting now!’ and ask them confirm this using mHealth 
technology 
2 1 1 1 A. Action self-efficacy 
Show consequences on longer term if behaviour change is not 
initiated, for example ‘Based on your current condition and lifestyle 
you will very likely have a change of [x% name related illness] in five 
years from now’ 
2 0 1 2 C. Risk perception 
mHealth technology provides access to a demonstration (e.g. 
YouTube movie or other visual way) 
1 2 2 0 A. Action self-efficacy 
Provide insight in the benefit of action over inaction 1 1 3 0 B. Outcome expectancies 
mHealth technology can identify participants with a similar profile 
would already changing their behaviour, which should emphasize 
the possibility that he or she can also change their behaviour 
1 1 2 1 A. Action self-efficacy 
Share information about potential illness in easy to understand 
terminology in a user friendly manner 
1 0 2 2 C. Risk perception 
mHealth technology should amplify the expectation that a participant 
can change his or her behaviour 
0 3 2 0 A. Action self-efficacy / 
Pre-intender to Intender 
 
Table 13. View 1: Intender to Action Functional Requirements/Features 
Functional requirements/features M S C W Variables 
The participant receives information on effectiveness of the 
exercises, so a confirmation the participant is doing well and has the 
ability to maintain an active lifestyle 
3 2 0 0 D. Maintenance self-
efficacy  
If the participant is not active for a while the mHealth technology 
shows the coping plan issued by the participant during the intention 
phase (‘what would you do at difficult moments’) 
3 2 0 0 E. Coping planning 
Gamification: Possibility to take on a challenge or competition, 
alone, specific mHealth technology users or with your social media 
network 
3 1 1 0 F. Action planning 
Data benchmark possibilities against normal values 2 2 1 0 D. Maintenance self-
efficacy  
mHealth technology connects participants to a Personal Trainers 
using the postal code and the option to have direct contact and/or 
making an appointment 
2 2 1 0 G. Social support 
mHealth technology enables asking questions (health and behaviour 
change related) to your personal trainer 
2 1 2 0 G. Social support 
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Functional requirements/features M S C W Variables 
To collect ‘points’ by asking questions about an article related to 
sport and exercise with a personal trainer, for example 2 questions 
per day ensuring that the participant remains focussed. When 
reaching a certain level the participants received benefits like 
discounts on training 
2 1 1 1 D. Maintenance self-
efficacy  
Insight in training facilities and training possibilities including entry 
level prices and directions to a personal trainer close to you 
2 1 1 1 F. Action planning 
Easy process from action to reporting, preferably automatic upload 
and process 
2 0 3 0 F. Action planning 
Insight in action behaviour of known individuals 
(followers/competitors like social media) = motivator) 
2 0 3 0 G. Social support 
Self-Monitoring, using heartrate and stress monitor with explaining 
of measured values and consequences 
1 2 2 0 D. Maintenance self-
efficacy  
mHealth technology send encouraging notifications when the 
participant has the intention to start exercising and provides 
feedback after the participant completed the exercise (digital 
feedback system) 
1 2 2 0 D. Maintenance self-
efficacy  
Participant can create an exercise planning with 
reminders/notifications including motivational texts to actually start 
(e-mail/sound/pop-up in app) 
1 2 2 0 F. Action planning 
Data benchmark possibilities against known individuals 
(followers/competitors similar as in social media) 
1 2 2 0 G. Social support 
mHealth technology remains  to send notifications encouraging the 
participant to start again 
1 2 2 0 H. Recovery self-efficacy 
mHealth technology enables a free first trial with a personal trainer 1 2 1 1 F. Action planning 
mHealth technology should become a digital personal coach 
(providing support by personal feedback, encouraging notifications 
etc.) and removing barriers, similar as real humans would do. It 
would be very efficient if mHealth technology can take a part of the 
support system and to enable a specialist (like a personal trainer) 
monitoring on the side line 
1 2 1 1 G. Social support 
Short-term motivation, mHealth is the enabling technology, no 
excuses not to exercise, make a clear How 
1 1 3 0 F. Action planning 
Show quick results (give snacks in the form of quick feedback 
results) 
1 1 3 0 F. Action planning 
mHealth technology provides the supporting platform with responses 
from other participants who are in the same phase of exercising 
0 2 3 0 G. Social support Intender 
to Actor 
If the participant is already convinced why an active lifestyle with 
sport and exercise is something to aim for but finds it difficult to start, 
the participants should be ‘pulled in’ with low threshold baby steps 
supported by mHealth technology into an active lifestyle 
0 1 4 0 D. Maintenance self-
efficacy / Intender to Actor  
mHealth technology should ensure that the social environment 
supports the participant, for example a Facebook-like tool to show 
the participant what is already reached (scores/results) and enable 
others to post support messages 
0 1 3 1 G. Social support / 
Intender to Actor 
mHealth technology alerts the social environment to support the 
participant to start again 
0 1 3 1 H. Recovery self-efficacy / 
Intender to Actor 
Shows the unflattering photo most people do not want to see again 0 1 1 3 H. Recovery self-efficacy / 
Intender to Actor 
 
Table 14. View 2: Generic Functional Requirements/Features 
Functional requirements/features M S C W Variables 
Make sure the data is easy to access, validated and always true. 
Bad data harms the credibility of mHealth technology 
5 0 0 0 X. Other 
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Functional requirements/features M S C W Variables 
Create a low entry barrier. Start simple and offer extended 
functionalities of mHealth technology later. If people are new to the 
concept start really simple, make them understand the basics and 
then offer them more 
3 1 1 0 X. Other 
Stay connected, keep in contact, remind the participant to wear it. It 
is easy to forget about the mHealth technology because it’s not a 
habit to wear it 
3 0 2 0 X. Other 
Intuitive and easy to use mHealth technology with user friendly 
interface (First impression is key) 
2 2 1 0 X. Other 
Available on many (mobile) platforms 2 2 1 0 X. Other 
Having to wear sensors on a daily basis might make the participants 
feel like a test dummy. Incorporate sensors in training or ordinary 
materials so the participant does not notice a difference 
1 4 0 0 X. Other 
 
 View 2: Categories based on MoSCoW raking 4.2.2
Category Number of Req. Reference 
Must Haves and Should Haves 
Contains the Must Haves (M) and Should 
Haves (S) without Could Haves (C) or Won’t 
Haves (W) OR with a majority of Must-Have 
(M) and Should Haves (S), without any 
Won’t Haves (W) 
9 Table 15 
Distributed scoring 
Ranking is distributed amongst Must Have, 
Should Have, Could Have or Won’t Have 
31 Table 16 
No Must-Haves 
No participant scored these requirements as 
Must Haves (M) 
6 Table 17 
Totals 46  
 
Table 15. View 2: High rankings: Mainly Must Have and Should Have 
Functional requirements/features M S C W Variables 
Make sure the data is easy to access, validated and always true. Bad 
data harms the credibility of mHealth technology 
5 0 0 0 X. Other 
Using heartrate and stress monitor with explaining of measured 
values and consequences 
4 1 0 0 C. Risk perception 
The participant receives information on effectiveness of the 
exercises, so a confirmation the participant is doing well and has the 
ability to maintain an active lifestyle 
3 2 0 0 D. Maintenance self-
efficacy  
If the participant is not active for a while the mHealth technology 
shows the coping plan issued by the participant during the intention 
phase (‘what would you do at difficult moments’) 
3 2 0 0 E. Coping planning 
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Functional requirements/features M S C W Variables 
Having to wear sensors on a daily basis might make the participants 
feel like a test dummy. Incorporate sensors in training or ordinary 
materials so the participant does not notice a difference 
1 4 0 0 X. Other 
The feature to configure concrete and measureable targets/goals, 
including recent photo (a photo which most participants like to get rid 
of as quickly as possible) 
4 0 1 0 A. Action self-efficacy 
Gamification: Possibility to take on a challenge or competition, alone, 
specific mHealth technology users or with your social media network 
3 1 1 0 F. Action planning 
Create a low entry barrier. Start simple and offer extended 
functionalities of mHealth technology later. If participants are new to 
the concept start really simple, make them understand the basics and 
then offer them more 
3 1 1 0 X. Other 
Use social validation (‘compliance in a social activity to fit in and be 
part of the majority’) by integrating social media and show to friends 
and others who are already using mHealth technology to support an 
active lifestyle 
3 1 1 0 A. Action self-efficacy 
 
Table 16. View 2: Distributed ranking amongst M, S, C, W 
Functional requirements/features M S C W Variables 
Stay connected, keep in contact, remind the participant to wear it. It is 
easy to forget about the mHealth technology because it’s not a habit 
to wear it 
3 0 2 0 X. Other 
Becoming conscious, create awareness for the expected outcomes 3 0 2 0 B. Outcome expectancies 
Data benchmark possibilities against normal values 2 2 1 0 D. Maintenance self-
efficacy  
mHealth technology connects participants to a Personal Trainers 
using the postal code and the option to have direct contact and/or 
making an appointment 
2 2 1 0 G. Social support 
Intuitive and easy to use mHealth technology with user friendly 
interface (First impression is key) 
2 2 1 0 X. Other 
Available on many (mobile) platforms 2 2 1 0 X. Other 
Provide support for a physical test so the participant receives 
feedback about his or her physical ability 
2 2 1 0 B. Outcome expectancies 
mHealth technology shows benefits of an active lifestyle 2 2 1 0 C. Risk perception 
Use mHealth technology to provide good reasons/convincing 
argumentation to exercise if a participant does not like to exercise, to 
overcome reluctance/aversion 
2 1 2 0 A. Action self-efficacy 
Embed the (personal) results of  motivational Interviewing in mHealth 
technology 
2 1 2 0 B. Outcome expectancies 
Long-term motivation by providing easy access to information with 
clear and concise benefits of behaviour change. Provide the 
individual with a Why. 
2 1 2 0 B. Outcome expectancies 
mHealth technology enables asking questions (health and behaviour 
change related) to your personal trainer 
2 1 2 0 G. Social support 
To collect ‘points’ by asking questions about an article related to sport 
and exercise with a personal trainer, for example 2 questions per day 
ensuring that the participant remains focussed. When reaching a 
certain level the participants received benefits like discounts on 
training 
2 1 1 1 D. Maintenance self-
efficacy  
Insight in training facilities and training possibilities including entry 
level prices and directions to a personal trainer close to you 
2 1 1 1 F. Action planning 
Ask the participant for commitment ‘Yes I am going to change my 2 1 1 1 A. Action self-efficacy 
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Functional requirements/features M S C W Variables 
lifestyle, starting now!’ and ask them confirm this using mHealth 
technology 
Easy process from action to reporting, preferably automatic upload 
and process 
2 0 3 0 F. Action planning 
Insight in action behaviour of known individuals (followers/competitors 
like social media) = motivator) 
2 0 3 0 G. Social support 
Show consequences on longer term if behaviour change is not 
initiated, for example ‘Based on your current condition and lifestyle 
you will very likely have a change of [x% name related illness] in five 
years from now’ 
2 0 1 2 C. Risk perception 
mHealth technology provides access to a demonstration (e.g. 
YouTube movie or other visual way) 
1 2 2 0 A. Action self-efficacy 
Self-Monitoring, using heartrate and stress monitor with explaining of 
measured values and consequences 
1 2 2 0 D. Maintenance self-
efficacy  
mHealth technology send encouraging notifications when the 
participant has the intention to start exercising and provides feedback 
after the participant completed the exercise (digital feedback system) 
1 2 2 0 D. Maintenance self-
efficacy  
Participant can create an exercise planning with 
reminders/notifications including motivational texts to actually start (e-
mail/sound/pop-up in app) 
1 2 2 0 F. Action planning 
Data benchmark possibilities against known individuals 
(followers/competitors similar as in social media) 
1 2 2 0 G. Social support 
mHealth technology remains  to send notifications encouraging the 
participant to start again 
1 2 2 0 H. Recovery self-efficacy 
mHealth technology enables a free first trial with a personal trainer 1 2 1 1 F. Action planning 
mHealth technology should become a digital personal coach 
(providing support by personal feedback, encouraging notifications 
etc.) and removing barriers, similar as real humans would do. It would 
be very efficient if mHealth technology can take a part of the support 
system and to enable a specialist (like a personal trainer) monitoring 
on the side line 
1 2 1 1 G. Social support 
Provide insight in the benefit of action over inaction 1 1 3 0 B. Outcome expectancies 
Short-term motivation, mHealth is the enabling technology, no 
excuses not to exercise, make a clear How 
1 1 3 0 F. Action planning 
Show quick results (give snacks in the form of quick feedback results) 1 1 3 0 F. Action planning 
mHealth technology can identify participants with a similar profile 
would already changing their behaviour, which should emphasize the 
possibility that he or she can also change their behaviour 
1 1 2 1 A. Action self-efficacy 
Share information about potential illness in easy to understand 
terminology in a user friendly manner 
1 0 2 2 C. Risk perception 
 
Table 17. View 2: None Must-Have Functional Requirements/Features 
Functional requirements/features M S C W Variables / Stage 
mHealth technology should amplify the expectation that a participant 
can change his or her behaviour 
0 3 2 0 A. Action self-efficacy / 
Pre-intender to Intender 
mHealth technology provides the supporting platform with responses 
from other participants who are in the same phase of exercising 
0 2 3 0 G. Social support Intender 
to Actor 
If the participant is already convinced why an active lifestyle with 
sport and exercise is something to aim for but finds it difficult to start, 
the participants should be ‘pulled in’ with low threshold baby steps 
supported by mHealth technology into an active lifestyle 
0 1 4 0 D. Maintenance self-
efficacy / Intender to Actor  
mHealth technology should ensure that the social environment 
supports the participant, for example a Facebook-like tool to show 
the participant what is already reached (scores/results) and enable 
0 1 3 1 G. Social support / 
Intender to Actor 
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Functional requirements/features M S C W Variables / Stage 
others to post support messages 
mHealth technology alerts the social environment to support the 
participant to start again 
0 1 3 1 H. Recovery self-efficacy / 
Intender to Actor 
Shows the unflattering photo most people do not want to see again 0 1 1 3 H. Recovery self-efficacy / 
Intender to Actor 
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 Conclusions and recommendations 5.
 Conclusion 5.1
This research project aimed to clarify what functional requirements/features need 
to be met on mHealth technology in order to allow these devices and apps to 
contribute to an effective primary prevention processes.  
The primary prevention intervention is a behaviour change, defined as enabling a 
person with an inactive sedentary lifestyle to become active. The behavioural 
change process uses a concept of three phases/subprocesses: Intention, 
Planning and Action. A subject or patient (a sedentary inactive person) moves 
ideally through the process from Intention to Planning, which is (a) from Pre-
Intender to Intender and from the phase Planning to Action, so (b) from Intender 
to Actor. The Action phase of the behaviour change process includes a coping 
mechanism, anticipating on a fallback scenario.  We identified the following 
requirements/features: 
Pre-intender to Intender 
The high-ranking functional requirements/features required for mHealth 
technology to support a sedentary inactive person to move from Pre-intender to 
Intender: 
1. In case features to measure heart rates and stress are used, include an 
explaining of measured values and consequences 
2. Include features to configure concrete and measureable targets/goals, 
including recent photo, the photo which most participants like to get rid of 
as quickly as possible 
3. Use social validation (‘compliance in a social activity to fit in and be part of 
the majority’) by integrating social media and show to friends and others 
who are already using mHealth technology to support an active lifestyle 
4. Create awareness for the expected outcomes so a participants becomes 
conscious of the behaviour change 
Intender to Actor  
The high-ranking functional requirements/features required for mHealth 
technology to support a sedentary inactive participant to move from Intender to 
Actor: 
5. The participant receives information on effectiveness of the exercises, so 
a confirmation the participant is doing well and has the ability to maintain 
an active lifestyle 
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6. If the participant is not active for a while the mHealth technology shows 
the coping plan issued by the participant during the intention phase (‘what 
would you do at difficult moments’) 
7. Gamification: Possibility to take on a challenge or competition, alone, 
specific mHealth technology users or with your social media network 
Generic 
Additionally, three generic requirements were identified (not directly related to a 
phase/actor of the behaviour change process). The three high-ranking generic 
functional requirements/features are: 
8. Assure that the data is easy to access, validated and always true. 
inconsistent or false data disputes the credibility of mHealth technology 
9. Create a low entry barrier. Start simple and offer extended functionalities 
of mHealth technology later. If participants are new to the concept start 
really simple, make them understand the basics and then offer them more 
10. Having to wear sensors on a daily basis might make the participants feel 
like a test dummy. Incorporate sensors in training or ordinary devices so 
the participant does not notice a difference 
 Currently available mHealth technology 5.2
Is mHealth technology currently available, which does meet the identified (high-
ranking) functional requirements/features? Leading manufacturers of health & 
fitness trackers are for example Fitbit and Jawbone. Exploring the features on 
both resulted into: 
 
Fitbit Charge HR (Health & fitness tracker, regulated medical devices) 
The Fitbit product which is key for activity tracking is the Fitbit Charge HR (see 
Figure 14). The features listed are in combination with a connected smartphone 
using Fitbit App. Features not related to activity (like food logging, music related 
or showing caller ID) are excluded. 
1. Heart Rate Monitoring - Get continuous, automatic, wrist-based heart rate 
with heart rate zones 
2. Record workouts - Record workouts, see real-time exercise stats and 
have summaries automatically appear on in the Fitbit App 
3. Record Running - Use MobileRun in the Fitbit App (using the GPS 
sensors in the phone) to see pace, distance, splits and routes 
4. See progress - View your progress and analyze trends with charts and 
graphs 
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5. Log workouts, track run and bike stats, map routes with a monthly 
exercise calendar 
6. Share and Compete - Invite friends and family to share statistics, send 
cheers and taunts, and compete on the leaderboard 
7. Earn Badges - Get goal progress notifications & celebrate fitness 
milestones with badges 
 
Figure 14. Fitbit Charge HR (left) and Jawbone UP3 
Jawbone UP3 (Health & fitness tracker, regulated medical devices) 
The Jawbone product which is key for health and fitness is the Jawbone UP3 
(see Figure 14), which is a fitness tracker. The Jawbone director of data science, 
Brian Wilt stated: ‘The holy grail is to one day predict and manage conditions like 
heart disease, diabetes, and mental issues, closing the loop between 
measurement and behavior change’ (InforQ, 2016). The key features listed are in 
combination with a connected smartphone using UP App. Features not activity 
related (like sleep monitoring) are excluded. 
1. Heart Monitoring - Sensors measure Resting Heart Rate and Passive 
Heart Rate 
2. Activity Tracking - Track workouts, active, active caloric burn 
3. Steps - Counts your steps, set customized goals and see progress over 
time 
4. Smart Coach - It takes all inputs it receives from the tracker and analyzes 
that information to give personalized advice and insights 
5. Calories Burned - Measures calories burned by establishing basal 
metabolic rate (BMR), calculated from age, weight, height and activity 
levels using the most up to date published medical standards, 
understanding how your activity increases the amount of calories burned 
over your BMR is one of the most effective ways to manage your weigh 
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6. Goal Setting - Setting personalized goals: from steps per day and hours 
slept, to target weight, the system helps reaching goals with activity 
recommendations, helpful tips, and encouraging reminders 
7. Leaderboards - Compares 7-day step count stacks up against friends, 
family and teammates 
8. Duels - Challenge friends and family in a Duel, and achieve your goals 
together 
Comparing the above features of Fitbit Charge HR and Jawbone UP3 with the 
identified requirements resulting from this research project shows that the 
following features are missing: 
2. Participant photo related to goals - Include a photo which most 
participants like to get rid of as quickly as possible 
6. Coping plan - shows the coping plan issued by the participant during the 
intention phase (‘what would you do at difficult moments’) 
9. Create a low entry barrier. Start simple and offer extended functionalities 
of mHealth technology later. If participants are new to the concept start 
really simple, make them understand the basics and then offer them more 
The intent for the health & fitness trackers is present, but their focus is primary on 
activity tracking. When reviewing the Fitbit Charge HR and Jawbone UP3, end-
user reviews do show concerns. These concerns are related to data quality for 
heart rate monitoring and long-term usage of the Fitbit. A Fitbit Heart Rate 
Monitor Fraud Lawsuit is filed on behalf of a group of end-users. Apparently, 
claims about data quality for heart rate monitoring by Fitbit are too optimistic. This 
is related to the functional requirement: 
8. Assure that the data is easy to access, validated and always true. 
inconsistent or false data disputes the credibility of mHealth technology 
In addition, an investment group suggests that Fitbit devices are abandoned after 
six months by the majority of users. This is based on regulatory filings by Fitbit 
(Gandhi, 2015). This does not support mHealth technology supporting 
sustainable behaviour change. This might be related to the functional 
requirements (but further research is required): 
10. Having to wear sensors on a daily basis might make the participants feel 
like a test dummy. Incorporate sensors in training or ordinary devices so 
the participant does not notice a difference 
Strava (Cycling Social Platform) 
One other leading mHealth technology manufacturer is Strava. Strava is a social 
network for cyclists. Strava is social platform based around the Strava app. The 
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Strava app uses the GPS tracker of the smartphone. Strava tracks and compares 
cycling activities, using gamification, social media and photo features. The 
gamification features is organized around KOM (King of the Mountain) or QOM 
(Queen of the Mountain) for road sections. These Strava features are related to 
the identified requirements: 
3. Use social validation (‘compliance in a social activity to fit in and be part of 
the majority’) by integrating social media and show to friends and others 
who are already using mHealth technology to support an active lifestyle 
7. Gamification: Possibility to take on a challenge or competition, alone, 
specific mHealth technology users or with your social media network 
The three examples from Fitbit, Jawbone and Strava are used by participants 
already in the Intender to Actor phase. All mHealth technology with activity 
related trackers are assuming that the participant is becoming active. mHealth 
technology with a focus on the Pre-Intender to Intender phase is difficult to find. 
When reviewing the examples from the leading mHealth manufacturers Fitbit, 
Jawbone and Strava I noticed they are all three located in the same city center 
area of San Francisco. This was not a selection criteria for these three examples.  
 Recommendations for future work 5.3
An experiment remains the preferred method of data collection, especially in the 
current timeframe of a strong technology push of mHealth technology. The result 
of such an experiment might answer in more detail the question if and how 
mHealth technology will contribute to the behaviour lifestyle change process and 
if and how it supports primary health care prevention. Close cooperation between 
mHealth technology manufacturers and healthcare providers will be necessary to 
provide the necessary resources and technology as well as the medical oversight 
and professional medical expertise.  
In addition, the duration of the experiment will probably need to be substantial 
(months instead of weeks). This is mainly to include the coping plan and take into 
account the non-rational behaviour of human participants. The experiment setup 
should remain multidisciplinary with the focus on mHealth Technology, Behaviour 
Change Processes and ultimately sustainable Healthcare Prevention.   
 Reflection on the research project 5.4
What went well? 
This was a learning experience from start to finish. Prior to this research project, I 
was unaware of the Delphi method as a data collection approach. The 
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suggestion by supervisor Harry Martin to consider this method was very valuable. 
I was pleasantly surprised by the collected data. The variety and creatively of the 
functional requirements/features found were a solid basis to finalize the research 
project. 
For the today’s younger students this might be seen as a given, but the full digital 
access via the OU library is excellent (http://bibliotheek.ou.nl/). It provided access 
to a seemingly infinite number of academic peer-reviewed articles.  
When talking to family, friends and colleagues, the main research question was 
appealing to them. All recognized the mHealth technology concept and the 
benefits it might bring in the future for healthcare prevention when cleverly 
embedded in behaviour change processes. This resulted in support when 
searching for experts as potential Delphi participants. I am very grateful for this 
support.  
In addition, I gained new insights in Healthcare prevention and behaviour change 
processes and overall in the more detailed process of doing academic research. 
As a last point, let me also mention the supervisory role of Harry Martin. He was 
very supportive. Thank you! 
What should I have done differently? 
In this research project, I did go back and forth through a number of iterations. 
What is the ideal research approach and what is feasible in the context of a 
Master’s thesis? By choosing a multidisciplinary research approach, I made this 
research project more difficult than initially foreseen. Especially as the available 
scientific literature was limited on the intersection of the research domains. 
The earlier mentioned full digital access to the OU library as a positive remark 
does have a disadvantage. The disadvantage is that it is easy to lose yourself in 
a seemingly endless number of articles. I did find myself reading interesting 
articles not directly related to this research project. 
The mHealth experiment was the ideal way forward, but was not feasible within 
the scope of this Master thesis. What I should have done in a very early phase is 
to contact mHealth technology manufacturers, trying to gain their support. With a 
mHealth technology manufacturer as provider of (for example) 30 Fitbits or 
Jawbone bracelets would made the experiment more feasible and meaningful. 
Therefore, the support of a mHealth technology provider should have been the 
pre-condition for a mHealth experiment.    
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Appendix A - Experiment setup 
Experiment 
Literature on mHealth in combination with explicit process description for 
behaviour change intervention is not available at time of writing. In addition, the 
RIVM database did not provide any possible for reuse of the existing behaviour 
change intervention. Therefore, as research method an experiment is defined 
and executed to be able to answer the main research question.   
The following steps are proposed: 
(1) Reuse the healthcare intervention process using mHealth wearables devices 
specifically as part of a primary prevention process (i.e. protect healthy people 
from developing a disease 
(2) Perform an experiment using the healthcare intervention process with 
mHealth wearables with healthy test subjects. A control group is performing the 
same experiment without the usage of the process.  
(3) Extrapolate the results of the experiment to healthy persons in general 
Resting Heart Rate 
Monitoring heart rate in rest can provide an indication for the fitness level of an 
individual. Trained athletes do have a significant lower resting heart rate than 
non-trained individuals do do. A normal resting heart rate can range anywhere 
from 40 to 100 beats per minute (bpm). See Table 18 and Table 19 with the 
related resting heart rate, fitness levels and age categories (TopEndSports, 
2014). As can be seen, the resting heart rate can vary with your fitness level and 
with age. This is due to the heart getting larger and stronger as result of exercise, 
and getting more efficient at pumping blood around the body. At rest more blood 
can be pumped around with each beat, therefore less beats per minute are 
required for the same blood volume. 
Table 18. Resting Heart Rate (bpm) related to fitness level and age category for Men  
Age 18-25 26-35 36-45 46-55 56-65 65+ 
Athlete 49-55 49-54 50-56 50-57 51-56 50-55 
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Age 18-25 26-35 36-45 46-55 56-65 65+ 
Excellent 56-61 55-61 57-62 58-63 57-61 56-61 
Good 62-65 62-65 63-66 64-67 62-67 62-65 
Above 
Average 
66-69 66-70 67-70 68-71 68-71 66-69 
Average 70-73 71-74 71-75 72-76 72-75 70-73 
Below 
Average 
74-81 75-81 76-82 77-83 76-81 74-79 
Poor 82+ 82+ 83+ 84+ 82+ 80+ 
 
Table 19. Resting Heart Rate (bpm) related to fitness level and age category for Women  
Age 18-25 26-35 36-45 46-55 56-65 65+ 
Athlete 54-60 54-59 54-59 54-60 54-59 54-59 
Excellent 61-65 60-64 60-64 61-65 60-64 60-64 
Good 66-69 65-68 65-69 66-69 65-68 65-68 
Above 
Average 
70-73 69-72 70-73 70-73 69-73 69-72 
Average 74-78 73-76 74-78 74-77 74-77 73-76 
Below 
Average 
79-84 77-82 79-84 78-83 78-83 77-84 
Poor 85+ 83+ 85+ 84+ 84+ 84+ 
 
The measurement of resting heart rate should be taken after a few minutes upon 
waking whilst the individual is still lying in bed. The body must some have time (2-
5 minutes) to adjust to the change from sleeping before taking the pulse. This 
measurement should be repeated for minimum of 3 days. The average value of 
the three measurements is the resting heart rate. The manual measurement can 
be performed by self-measurement or by for example a care provider. The 
manual method is often a wrist measurement (radial pulse), using the index and 
middle finger together on the opposite wrist. In addition, a timer is needed. Once 
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the pulse is found, the number of beats is counted for a fixed duration and 
calculated to the number of beats per minute. In the context of this research, an 
app will also be used to measure the heart rate, which is described in more detail 
in the next section.   
Azumio Instant Heart Rate App  
Heart rate monitors (HRMs) have become a common training tool for endurance 
athletes. Most endurance athletes have at least tried HRMs and many use them 
consistently to monitor their training and to help them train at the planned 
intensity. HRMs have developed rapidly from large instruments suitable only for 
laboratory use (around the 1900s) to the size of a watch in recent years (Achten 
& Jeukendrup, 2003). The (sport) watch is often used in combination with a chest 
strap with a biosensor near the heart. The purpose is to monitor the heart rate 
during and/or after exercise to be able to focus on specific heart rate zones by 
changing the intensity of the exercise. This is to create a performance feedback 
loop. Also fingertip pulse monitors are available. The photodiode measures the 
amount of light that is transmitted (in other words, which is not absorbed). The 
measurement fluctuates in time because the amount of arterial blood that is 
present increases (literally pulses) with each heartbeat (Wikipedia, 2014). With 
the availability of smartphones with a photo/video camera and a flashlight, the 
same principle is applied. Many apps are available to detect the heart rate by 
simply putting your index fingertip on the camera and flashlight.  
 
   
Figure 15. Azumio Instant Heart Rate App 
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Selected for this research is the Azumio Instant Heart Rate App (Pro version 
Euro 1,79), see Figure 15 for some screenshots. This app is available for iOS 
and Android based smartphones via the Apple and Android App Store. The 
Instant Heart Rate app measures the heart rate in approx. 15 seconds. After the 
measurement, a pre-defined text tag (‘just exercised’) can be selected or free text 
can be added. An important selection criteria in the context of this research is the 
ability to export the history of the heart rate measurements including date and 
time via e-mail directly within the app. For the Azumio app the e-mail contains a 
standardized CSV (Comma Separated Values) file attached with per line item the 
date, time, type, heart rate measurement, tags and free notes (see Figure 16). 
Also, the senders e-mail ID is known by the recipient. 
 
Figure 16. CSV file as attachment to export e-mail from within app 
High Intensity Circuit Training 
Literature suggests that a high-intensity circuit-training (HICT) program affects 
key physiological health markers in sedentary obese men (Miller et al., 2014). A 
HICT program received attention due to a publication with the title ‘The Scientific 
7-Minute Workout’ in The New York Times Magazine in December 2013. The 
article is based on academic literature ((Klika & Jordan, 2013). All exercises can 
be done with body weight and implements easily acquired in almost any setting 
(e.g. home, office, hotel room, etc). The exercise order allows for a total body 
exercise to significantly increase the heart rate while the lower, upper, and core 
exercises function to maintain the increased heart rate while developing strength. 
Exercises are performed for approximate 30 seconds, with 10 seconds of 
transition time between the exercises. Total time for the entire circuit workout is 
approximately 7 minutes (hence, the popular name ‘the 7 minute workout’). The 
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circuit can be repeated 2 to 3 times and should be performed daily. See 
Appendix A with the 12 exercises as part of the 7-minute workout.  
Perigee Seven App 
Various apps for smartphones are available to support the 7-minute workout. 
Selected for this research is the Seven app made by Perigee (no costs involved). 
This app is available for iOS and Android based smartphones via the App and 
Android App Store. This app receives overall good review comments and is very 
easy to use. See Figure 17 for some screenshots. Key functionality is the ability 
to e-mail (within the app) how many times the 7-minute workout is completed 
daily. This is important as the test subjects do need to share the progress on 
daily basis via e-mail. Ideally these health and fitness apps should contain 
functionality for remote monitoring (with consent of the user), but this is part of 
the discussion in a later phase of this research.  
   
Figure 17. Perigee Seven App 
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Figure 18. Behaviour Change Intervention, process flow for experiment with mHealth Technology 
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Exercises of the 7 minute workout / High Intensity Circuit Training 
Nr Exercise Type Picture 
1 Jumping jacks Total body 
 
2 Wall sit Lower body 
 
3 Push-up Upper body 
 
4 Abdominal crunch Core 
 
5 Step-up onto chair Total body 
 
6 Squat  Lower body 
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Nr Exercise Type Picture 
7 Triceps dip on chair Upper body 
 
8 Plank Core 
 
9 High knees/running in place Total body 
 
10 Lunge Lower body 
 
11 Push-up and rotation Upper body 
 
12 Side plank Core 
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Appendix B – E-mails to Participants for Introduction, Round 1 and Round 2 
All Delphi participants were Dutch, so the e-mail communication was also stated 
in Dutch. 
 
Introduction e-mail 
Beste <deelnemer>, 
Naast mijn werkzaamheden als ICT adviseur bij EY, doe ik een studie 
Managementwetenschappen Business Proces & ICT en ben inmiddels in de 
afstudeerfase. Het onderzoek gaat over Mobile Health (mHealth) en 
gedragsverandering. De gedragsverandering in de context van dit onderzoek gaat uit van 
een inactief naar een actief leven, met de gedachte dat actieve mensen minder snel 
(chronisch) ziek worden dan inactieve mensen. 
Veel mHealth toepassingen, zoals health apps en wearables zijn in grote variëteit 
beschikbaar op de (consumenten) markt. Voorbeelden zijn wearables zoals de Apple 
Watch en Fitbit en apps zoals Strava, Runkeeper en Start to Run. Of deze apps leiden tot 
een sportieve gedragsverandering of dat deze worden gebruikt door mensen die toch al 
actief waren is niet helemaal duidelijk. 
Daarom neemt dit onderzoek het proces voor gedragsverandering als startpunt met de 
vraag welke mHealth technologie functionaliteiten/requirements nodig zijn om een 
gedragsverandering te kunnen realiseren. 
Hiervoor ben ik een Delphi onderzoek aan het opzetten en zoek daarvoor een selecte 
groep mensen (ongeveer 8) met specifieke profielen. De deelnemers ontvangen een 
aantal open vragen per e-mail in 3 iteraties over een periode van ongeveer 3 weken. De 
resultaten van een voorgaande iteratie worden gedeeld in de volgende iteratie. De 
tijdbesteding is naar verwachting ongeveer 20 minuten.  
U heeft een erg goed profiel wat past bij de multidisciplinaire groep personen. 
Mijn vraag is of u mee wil doen met dit onderzoek? Als het onderzoek is afgerond 
ontvangt u uiteraard het eindresultaat. 
Alvast zeer bedankt voor uw medewerking. 
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E-mail Delphi Round 1 
 
Beste deelnemer, 
 
Zeer bedankt voor uw bereidheid om deel te nemen aan dit onderzoek. Waar moet 
Mobile Health (mHealth) technologie aan voldoen om een gedragsveranderingsproces 
te kunnen ondersteunen? 
 
De gedragsverandering in de context van dit onderzoek gaat uit van een inactief zittend 
leven (sedentary lifestyle) naar een actief leven. Ook wordt een 
gedragsveranderingsproces uit de literatuur als uitgangspunt genomen (Schwarzer, 
2008, Modeling Health Behaviour Change). De belangrijkste eigenschappen van dit 
gedragsveranderingsproces zijn de 3 fasen Intention, Planning en Action en 8 variabelen 
die gedragsverandering kunnen beïnvloeden. Een persoon die succesvol een 
gedragsverandering ondergaat heeft respectievelijk de rollen Pre-Intender, Intender en 
Actor. Zie ook onderstaande figuur. 
 
 
 
De vraag is: 
Welke functionele requirements/features van mHealth technologie kunt u bedenken die 
kunnen helpen om een inactief persoon: 
(c) van de fase Intention naar Planning te krijgen, dus van Pre-Intender 
naar Intender 
(d) van de fase Plannning naar Action te krijgen, dus van Intender naar 
Actor 
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U kunt beantwoorden in trefwoorden en korte zinnen, bij voorkeur zo min mogelijk 
gehinderd door wat technisch of financieel mogelijk is. Ik zal de antwoorden 
consolideren en onderbrengen bij de betreffende variabelen van het 
gedragsveranderingsproces. Ook zijn enkele slides bijgevoegd met meer achtergrond 
informatie en voorbeelden.  
 
Dit is een eerste vraag als onderdeel van een serie van 3 waarbij dit de inhoudelijke 
vraag is die het meest tijdintensief zal zijn en waarbij de andere 2 vragen een 
aanvulling/validatie en ranking betreffen. De resultaten van de eerste vraag van alle 
deelnemers zal anoniem worden gedeeld aan alle deelnemers bij de beantwoording van 
de tweede vraag. Na de laatste vraag zal ik bij voldoende belangstelling een conference 
call/webinar organiseren waarbij de deelnemers bekend worden gemaakt en waarbij 
over het onderwerp verder van gedachten gewisseld kan worden. Mocht u anoniem 
willen blijven dan is dat uiteraard mogelijk.  
 
De deelnemers zijn multidisciplinair met kennis en ervaring onder andere op het gebied 
van gezondheid, preventie, sport coaching en training, ICT in de gezondheidszorg en 
voeding.  
 
Hierbij het vriendelijke verzoek om bovenstaande vraag te beantwoorden voor 
woensdag 9 september einde dag. 
 
Bij vragen kunt u mij mailen (voorkeur) of bellen. 
 
Nogmaals zeer bedankt voor uw medewerking. 
 
 
E-mail Delphi Round 2 
 
Beste deelnemer, 
 
Zeer bedankt voor de ontvangen antwoorden op de vraag uit Delphi ronde 1. De 
antwoorden zijn geconsolideerd en zoveel mogelijk gerelateerd aan de variabelen die 
invloed hebben op gedragsverandering (zie bijgevoegd document tabel 1, 2 en 3). De 
variabelen zijn onderdeel van het eerder genoemde gedragsveranderingsproces uit de 
literatuur, zie hieronder. 
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De vraag in Delphi ronde 2 gaat over het prioriteren van de functionele 
requirements/features van mHealth technology naar de verwachte impact die deze 
heeft om de gewenste gedragsverandering te realiseren. Dat wil zeggen om een persoon 
meer te laten bewegen vanuit een inactief zittend leven. Hiervoor worden 4 categorieën 
onderscheiden om de requirements te prioriteren: Must Have, Should Have, Could Have, 
Won’t Have (MoSCoW prioritering uit de systeem ontwikkeling). 
 
Dus per functionele requirement/feature (per regel) typt u een M, S, C of W in het 
bijgevoegde Word-document en mailt u het document retour. U bent vrij om elke 
categorie (M, S, C of W) vaker te gebruiken, in het Word-document vindt u ook meer 
informatie.  
 
Dit kost u maximaal 10 minuten.  
 
Hierbij het vriendelijke verzoek om bovenstaande vraag te beantwoorden voor vrijdag 2 
oktober einde dag. 
 
Bij vragen kunt u mij mailen (voorkeur) of bellen. 
 
Zeer bedankt voor uw medewerking! 
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Introduction slides attached to the first e-mail to the participants 
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Appendix C – Results 
Table 20. Functional requirements/features of mHealth technology related to variables influencing behaviour change for pre-intender to 
intender 
Variables Description 
Functional requirements/features of mHealth technology, consolidated results 
Delphi Round 1 
Consolidated Result Delphi 
Round 2 
Must, Should, Could or Won’t 
M S C W 
A. Action self-
efficacy 
Is defined as the belief in one’s 
capability to perform a desired action 
and is seen as crucial to develop an 
intention in the motivation phase 
(Schwarzer et al., 2011), “I am confident 
that I can be physically active even if it is 
difficult for me” 
a) The feature to configure concrete and measureable targets/goals, including recent photo (a 
photo which most participants like to get rid of as quickly as possible) 
IIII  I  
b) Use social validation (‘compliance in a social activity to fit in and be part of the majority’) by 
integrating social media and show to friends and others who are already using mHealth 
technology to support an active lifestyle 
III I I  
c) Use mHealth technology to provide good reasons/convincing argumentation to exercise if a 
participant does not like to exercise, to overcome reluctance/aversion 
II I II  
d) Ask the participant for commitment ‘Yes I am going to change my lifestyle, starting now!’ 
and ask them confirm this using mHealth technology 
II I I I 
e) mHealth technology provides access to a demonstration (e.g. YouTube movie or other 
visual way) 
I II II  
f) mHealth technology can identify participants with a similar profile would already changing 
their behaviour, which should emphasize the possibility that he or she can also change their 
behaviour 
I I II I 
g) mHealth technology should amplify the expectation that a participant can change his or her 
behaviour 
 III II  
B. Outcome 
expectancies 
Outcome expectancies are regarded as 
being mainly influential in the 
motivational process. In particular, 
positive outcome expectancies (e.g., “If I 
am physically active on a regular basis 
then I will do something good for my 
a) Create awareness for the expected outcomes so a participants becomes conscious of the 
behaviour change 
III  II  
b) Provide support for a physical test so the participant receives feedback about his or her 
physical ability  
II II I  
c) Embed the (personal) results of  motivational Interviewing in mHealth technology  II I II  
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Variables Description 
Functional requirements/features of mHealth technology, consolidated results 
Delphi Round 1 
Consolidated Result Delphi 
Round 2 
Must, Should, Could or Won’t 
M S C W 
health”) contribute to forming an 
intention for the target behaviour 
d) Long-term motivation by providing easy access to information with clear and concise 
benefits of behaviour change. Provide the individual with a Why. 
II I II  
e) Provide insight in the benefit of action over inaction I I III  
C. Risk 
perception 
Risk perception addresses the perceived 
vulnerability for certain diseases (“If I 
keep living as I have this far, then my 
health-related risk will be high”)  
a) Using heartrate and stress monitor with explaining of measured values and consequences IIII I   
b) mHealth technology shows benefits of an active lifestyle II II I  
c) Show consequences on longer term if behaviour change is not initiated, for example ‘Based 
on your current condition and lifestyle you will very likely have a change of [x% name 
related illness] in five years from now’ 
II  I II 
d) Share information about potential illness in easy to understand terminology in a user 
friendly manner 
I  II II 
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Table 21. Functional requirements/features of mHealth technology related to variables influencing behaviour change for intender to actor 
Variables Description 
Functional requirements/features of mHealth technology, consolidated results 
Delphi Round 1 
Consolidated Result Delphi 
Round 2  
Must, Should, Could or Won’t 
M S C W 
D. Maintenance 
self-efficacy  
“I am confident that I can be physically 
active permanently and on a regular 
basis even if I have to overcome 
barriers” 
a) The participant receives information on effectiveness of the exercises, so a confirmation the 
participant is doing well and has the ability to maintain an active lifestyle  
III II   
b) Data benchmark possibilities against normal values II II I  
c) To collect ‘points’ by asking questions about an article related to sport and exercise with a 
personal trainer, for example 2 questions per day ensuring that the participant remains 
focussed. When reaching a certain level the participants received benefits like discounts on 
training 
II I I I 
d) Self-Monitoring, using heartrate and stress monitor with explaining of measured values and 
consequences 
I II II  
e) mHealth technology send encouraging notifications when the participant has the intention 
to start exercising and provides feedback after the participant completed the exercise 
(digital feedback system) 
I II II  
f) If the participant is already convinced why an active lifestyle with sport and exercise is 
something to aim for but finds it difficult to start, the participants should be ‘pulled in’ with 
low threshold baby steps supported by mHealth technology into an active lifestyle 
 I IIII  
E. Coping 
planning 
“I have planned in detail how I could 
cope with difficult situations to stick to 
my intentions”) 
a) If the participant is not active for a while the mHealth technology shows the coping plan 
issued by the participant during the intention phase (‘what would you do at difficult 
moments’) 
III II   
F. Action 
planning 
“I have planned in detail when, where, 
and how I will be physically active” 
a) Gamification: Possibility to take on a challenge or competition, alone, specific mHealth 
technology users or with your social media network 
III I I  
b) Easy process from action to reporting, preferably automatic upload and process II  III  
c) Insight in training facilities and training possibilities including entry level prices and 
directions to a personal trainer close to you 
II I I I 
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d) Participant can create an exercise planning with reminders/notifications including 
motivational texts to actually start (e-mail/sound/pop-up in app) 
I II II  
e) Short-term motivation, mHealth is the enabling technology, no excuses not to exercise, 
make a clear How 
I I III  
f) Show quick results (give snacks in the form of quick feedback results) I I III  
g) mHealth technology enables a free first trial with a personal trainer I II I I 
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G. Social 
support 
Different intervention studies 
demonstrated the relevance of social 
support in the area of physical activity 
(e.g. Gellert, Ziegelmann, Warner, & 
Schwarzer, 2011) and were able to show 
that physical activity interventions 
comprising social support strategies can 
be more effective (Salmon, Bremen, 
Fotheringham, & Finch, 2000). 
a) mHealth technology connects participants to a Personal Trainers using the postal code and 
the option to have direct contact and/or making an appointment  
II II I  
b) mHealth technology enables asking questions (health and behaviour change related) to 
your personal trainer 
II I II  
c) Insight in action behaviour of known individuals (followers/competitors like social media) = 
motivator) 
II  III  
d) Data benchmark possibilities against known individuals (followers/competitors similar as in 
social media) 
I II II  
e) mHealth technology should become a digital personal coach (providing support by personal 
feedback, encouraging notifications etc.) and removing barriers, similar as real humans 
would do. It would be very efficient if mHealth technology can take a part of the support 
system and to enable a specialist (like a personal trainer) monitoring on the side line 
I II I I 
f) mHealth technology provides the supporting platform with responses from other 
participants who are in the same phase of exercising 
 II III  
g) mHealth technology should ensure that the social environment supports the participant, for 
example a Facebook-like tool to show the participant what is already reached 
(scores/results) and enable others to post support messages 
 I III I 
H. Recovery 
self-efficacy 
“I am confident that I can resume my 
physical activity even if I wasn’t 
physically active several times” 
a) mHealth technology remains  to send notifications encouraging the participant to start again I II II  
b) mHealth technology alerts the social environment to support the participant to start again  I III I 
  c) Shows the unflattering photo most people do not want to see again  I I III 
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Table 22. Functional requirements/features of mHealth technology not related to variables influencing behaviour change 
Variables Description 
Functional requirements/features of mHealth technology, consolidated results 
Delphi Round 1 
Consolidated Result Delphi 
Round 2 
Must, Should, Could or Won’t 
M S C W 
Not related to a 
variable 
influencing 
behaviour change 
n/a a) Make sure the data is easy to access, validated and always true. Bad data harms the 
credibility of mHealth technology 
IIIII    
b) Create a low entry barrier. Start simple and offer extended functionalities of mHealth 
technology later. If people are new to the concept start really simple, make them 
understand the basics and then offer them more 
III I I  
c) Stay connected, keep in contact, remind the participant to wear it. It is easy to forget about 
the mHealth technology because it’s not a habit to wear it 
III  II  
d) Intuitive and easy to use mHealth technology with user friendly interface (First impression is 
key) 
II II I  
e) Available on many (mobile) platforms II II I  
f) Having to wear sensors on a daily basis might make the participants feel like a test dummy. 
Incorporate sensors in training or ordinary materials so the participant does not notice a 
difference 
I IIII   
 
 
